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A c k n o w  l e  d g e m e n  t  s
i f y  t h a n k s  a r e  d u e  t o  t h e  f o l l o w i n g  p e o p le  f o r  t h e i r  h e l p  i n  t h e  
p r e p a r a t i o n  o f  t h i s  t h e s i s .
M r .  P . R .  G o d d a r d  o f  t h e  C i t y  o f  L o n d o n  P o l y t e c h n i c  f o r  a c t i n g  
a s  D i r e c t o r  o f  S t u d i e s .
D r .  J . F .  K e m p  o f  t h e  C i t y  o f  L o n d o n  P o l y t e c h n i c  f o r  s u g g e s t i n g  
t h e  p r o b l e m  a n d  f o r  a c t i n g  a s  s u p e r v i s o r .
D r .  C . M .  P h i l l i p s  o f  t h e  L o n d o n  S c h o o l  o f  E c o n o m ic s  a n d  P o l i t i c a l  
S c i e n c e  f o r  g u id a n c e  i n  t h e  w r i t i n g  o f  t h e  t h e s i s .
C a p t a i n  R .  P h i n n  f o r m e r l y  o f  t h e  C i t y  o f  L o n d o n  P o l y t e c h n i c  a n d  
t h e  c r e w  o f  t h e  M . V .  * S i r  J o h n  C a s s '  f o r  h e l p  i n  t h e  m a r i n e  t r a f f i c  
s u r v e y s .
C a p t a i n  R .  S a n d e r s  o f  t h e  H a r w i c h  P i l o t  S t a t i o n  f o r  h e l p  i n  t h e  
c o l l e c t i o n  o f  d a t a .
C a p t a i n  C . T u r q u a n d  a n d  t h e  s t a f f  o f  t h e  r a d a r  s e c t i o n  a t  t h e  
C i t y  o f  L o n d o n  P o l y t e c h n i c ' s  S c h o o l  o f  N a v i g a t i o n  f o r  h e l p  i n  t h e  
c o l l e c t i o n  o f  d a t a  f r o m  t h e  m a r i n e  r a d a r  s i m u l a t o r .
T h e  M a r i t i m e  S c i e n c e  d i v i s i o n  o f  t h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r y  
f o r  t h e  u s e  o f  f i l m s  c o l l e c t e d  d u r i n g  t h e i r  D o v e r  S t r a i t  s u r v e y .
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A b s t r a c t
T h e  t h e s i s  i s  a n  a t t e m p t  t o  e s t a b l i s h  t h e  w a t e r  a r e a  r e q u i r e d  
b y  a n y  o n e  s h i p  f o r  s a f e  a n d  e f f i c i e n t  n a v i g a t i o n .  T h e  c o n c e p t  o f  
a  s h i p  d o m a in  h a s  b e e n  c o n s i d e r e d ,  w h i c h  m a y  b e  d e f i n e d  a s  t h e  e f f e c t i v e  
a r e a  a r o u n d  a  s h i p  w h i c h  a  n a v i g a t o r  w o u ld  l i k e  t o  k e e p  f r e e  w i t h  
r e s p e c t  t o  o t h e r  s h i p s  a n d  s t a t i o n a r y  o b j e c t s .  T h i s  a r e a  w i l l  n o t  b e  
t h e  s a m e  f o r  a l l  s h i p s  b u t  w i l l  d e p e n d  o n  a  v a r i e t y  o f  f a c t o r s  s u c h  a s  
s p e e d ,  s i z e  o f  s h i p  a n d  d e n s i t y  o f  t r a f f i c  a m o n g  o t h e r s .
T h e  f i r s t  p a r t  o f  t h e  p r o j e c t  w a s  c o n c e r n e d  w i t h  t h e  c o l l e c t i o n  
o f  d a t a  f r o m  t w o  s e p a r a t e  s o u r c e s :  o n e  b e i n g  t h e  p e r f o r m a n c e  o f  s h i p s *  
o f f i c e r s  i n  c o l l i s i o n  a v o id a n c e  e x e r c i s e s  o n  a  m a r in e  r a d a r  s i m u l a t o r  
a n d  t h e  s e c o n d  b e i n g  m a r i n e  t r a f f i c  s u r v e y s  c o n d u c t e d  i n  t h e  S u n k  a r e a  
o f  t h e  N o r t h  S e a ,  T h e  c o l l e c t i o n  o f  d a t a  o n  s h i p  m o v e m e n t s  a n d  t h e i r  
p r o c e s s i n g  f o r  a n a l y s i s  b y  c o m p u t e r  c o m p r i s e d  t h e  e a r l y  w o r k  o f  t h e  
t h e s i s .  T h e  n e x t  s e c t i o n  o f  w o r k  w a s  c o n c e r n e d  w i t h  t h e  d e v e lo p m e n t  
o f  a  t e c h n i q u e  f o r  e v a l u a t i n g  t h e  s i z e  o f  t h e  d o m a in  a n d  i n  p a r t i c u l a r  
t h e  r a n g e  o f  t h e  d o m a in  b o u n d a r y  f r o m  t h e  s h i p  r e f e r r e d  t o  a s  t h e  
d o m a n g e .  V e r y  l i t t l e  w o r k  a p p e a r s  t o  h a v e  b e e n  d o n e  o n  t h i s  t o p i c  
p r e v i o u d y  s o  s e v e r a l  p o s s i b i l i t i e s  w e r e  c o n s i d e r e d  b e f o r e  a  d e c i s i o n  
w a s  m a d e  a s  t o  t h e  m o s t  s u i t a b l e  t e c h n i q u e .
O n c e  t h i s  h a d  b e e n  e s t a b l i s h e d  r e s u l t s  w e r e  o b t a i n e d  f o r  a  
v a r i e t y  o f  c o n d i t i o n s  s u c h  a s  d i f f e r e n t  s e a  a r e a ,  l e n g t h  o f  s h i p  a n d  
e x p e r i e n c e  o f  t h e  n a v i g a t o r  a s  w e l l  a s  t h o s e  p r e v i o u s l y  m e n t io n e d  a n d  
o t h e r s .
T h e  f i n a l  p a r t  o f  t h e  t h e s i s  c o n s i d e r s  p o s s i b l e  a p p l i c a t i o n s  o f  
t h e  r e s u l t s  i n  a  v a r i e t y  o f  s i t u a t i o n s  w h ic h  a r e  o f  c u r r e n t  a n d  f u t u r e  
i n t e r e s t  i n  m a r in e  t r a f f i c  s t u d i e s .
C h a p t e r  1
C h a p t e r  2
C h a p t e r  3
C h a p t e r  A
C h a p t e r  5
C h a p t e r  6
C h a p t e r  7
A p p e n d ix  I  
A p p e n d ix  I I
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C o n t e n t s
IN T R O D U C T IO N
T h e  g e n e r a l  p r o b l e m :  p r o g r e s s  i n  m a r i n e  t r a f f i c  
e n g i n e e r i n g :  t h e  p a r t i c u l a r  p r o b l e m .
D E S C R I P T I O N  O F  A  S H I P  D O M A IN
O t h e r  d o m a i n s :  s h i p  d o m a in  g e o m e t r y :  c o n t r o l l i n g  
f a c t o r s :  o t h e r  w o r k  o n  s h i p  d o m a in s :  a p p l i c a t i o n s  
o f  t h e  s t u d y .
T H E  C O L L E C T IO N  O F  D A T A
S o u r c e s  o f  d a t a :  
t r a f f i c  s u r v e y s :
m a r i n e  r a d a r  s i m u l a t o r :  
o t h e r  s o u r c e s .
m a r i n e
T H E  P R O C E S S IN G  O F  T H E  D A T A
T h e  r e q u i r e d  f o r m  f o r  t h e  s e c o n d a r y  d a t a :  
s i m u l a t o r  d a t a  r e c o r d s :  S u n k  s u r v e y  d a t a  r e c o r d s ;  
c o m p a r i s o n  o f  m e t h o d s :  c r i t i c a l  a n a l y s i s  o f  t h e  
d a t a .
E V A L U A T IO N  O F  T H E  D O M A IN  B O U N D A R Y
T h e  m a in  h y p o t h e s i s :  p o s s i b l e  d e f i n i t i o n s  o f  t h e  
d o m a n g e :  p o s s i b l e  m e t h o d s  o f  c a l c u l a t i n g  t h e  
d o m a n g e :  h y p o t h e s i s  t e s t s  f o r  t h e  p r e s e n c e  o f  a  
d o m a in :  s t a n d a r d  e r r o r s  o f  t h e  d o m a n g e s .
IN D E P E N D E N T  V A R I A B L E S  A F F E C T I N G  T H E  S I Z E  A N D  S H A P E  
O F  A  S H I P  D O M A IN
G e n e r a l  m e t h o d :  s e a  a r e a :  r e l a t i v e  v e l o c i t y :  s i z e  
o f  s h i p :  m a x im u m  s p e e d  o f  s h i p :  e x p e r i e n c e  o f  
n a v i g a t o r :  f i s h i n g  v e s s e l s :  b u o y s :  c h a n n e l s :  
t r a f f i c  d e n s i t y :  s e c t o r s .
A N  E V A L U A T IO N  O F  T H E  P R O J E C T  O N  S H I P  D O M A IN S
A p p l i c a t i o n s  o f  t h e  s t u d y :  e x t e r n a l  o v e r a l l  c o n t r o l  
o f  s e a  t r a f f i c :  e n c o u n t e r  r a t e s :  t r a f f i c  f l o w s :  
c o m p u t e r  s i m u l a t i o n  m o d e l s :  a p p r a i s a l  o f  t h e  p r o j e c t ,
A d d i t i o n a l  t a b l e s  a c c o m p a n y in g  C h a p t e r  1 .
I I . I  E x t r a c t  f r o m  t h e  H ig h w a y  C o d e
I I . I I  E x t r a c t s  f r o m  t h e  I n t e r n a t i o n a l  R e g u l a t i o n s
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A p p e n d ix  I I I I I I . I  M a r in e  r a d a r  s i m u l a t o r  s p e c i f i c a t i o n
I I I . I I  I n i t i a l  s i t u a t i o n s  f o r  t h e  s i m u l a t o r  e x e r c i s e s
I I I . I l l  S a m p le  s i z e s  b y  t y p e  o f  e x e r c i s e :  s i m u l a t o r  d a t a
I I I . I V  N a v i g a t i o n a l  c h a r t s  o f  t h e  S u n k  s u r v e y  a r e a
I I I . V  D e t a i l s  o n  t h e  M a r c o n i  R a d i o - L o c a t o r  1 6
I I I . V I  E q u ip m e n t
I I I . V I I  D i f f i c u l t i e s  i n  u s i n g  r a d a r  p h o t o g r a p h s  
I I I . V I I I  R e a s o n s  f o r  t h e  l o s s  o f  p h o t o g r a p h s  i n  t h e  
t h r e e  S u n k  s u r v e y s
I I I . I X  C o m p a r i s o n  b e t w e e n  t h e  d i s t r i b u t i o n  o f  s h i p s  b y  
s i z e  i d e n t i f i e d  i n  t h e  S u n k  s u r v e y s  a n d  
w o r l d w i d e
A p p e n d ix  I V I V .  I  
I V .  I I  
I V . I l l  
I V .  I V  
I V . V  
I V .  V I  
I V . V I I
I V . V I I I  
I V .  I X
C o m m e n t a r y  o n  a n  e x e r c i s e
F o r m a t  o f  t h e  c o m p u t e r  r e c o r d s :  s i m u l a t o r  d a t a  
S p e c i a l  d a t a  c o d e s :  s i m u l a t o r  d a t a  
C h e c k in g  p r o c e d u r e s :  s i m u l a t o r  d a t a  
F o r m a t  o f  t h e  c o m p u t e r  r e c o r d s :  S u n k  d a t a  
C h e c k in g  p r o c e d u r e s :  S u n k  d a t a  
A  s t a t i s t i c a l  i n v e s t i g a t i o n  i n t o  t h e
d i s t r i b u t i o n  o f  n u m b e r  o f  s h i p s  p e r  s e c t o r :  
s i m u l a t o r  d a t a
T y p i c a l  e c h o  s t r e n g t h  c u r v e s  f o r  v a r i o u s  t a r g e t s  
C o m p a r i s o n  o f  t h e  d i s t r i b u t i o n s  o b t a i n e d  f r o m  
t h e  t h r e e  s e p a r a t e  S u n k  s u r v e y s .
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A p p e n d ix  V
V.V
V.VI
A d d i t i o n a l  t a b l e s  a c c o m p a n y in g  C h a p t e r  5  
A d d i t i o n a l  g r a p h s  a c c o m p a n y in g  C h a p t e r  5  
S u m m a r y  o f  t h e  m e t h o d  o f  d i s p l a c e d  n u m b e r s  
E x a m p le s  o f  t h e  f u l l  c a l c u l a t i o n s  u s i n g  t h e  
m e t h o d  o f  d i s p l a c e d  n u m b e r s  
E x a m p le  o f  t h e  c a l c u l a t i o n s  u s i n g  t h e  s l o p e  m e t h o d  
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T h e  K r u s k a l - W a l l i s  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  
A d d i t i o n a l  g r a p h s  a c c o m p a n y in g  C h a p t e r  6  
C o m p a r i s o n  o f  t h e  d i s t r i b u t i o n s  o b t a i n e d  f r o m  
t h e  s i m u l a t o r  e x e r c i s e s :  D o v e r  S t r a i t  a n d  
t h e  S u n k  s u r v e y s
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S u n k  s u r v e y s
C o m p a r i s o n  o f  t h e  d i s t r i b u t i o n  o f  s h i p s  b y  s i z e  
i n  t h e  D o v e r  S t r a i t :  s i m u l a t o r  e x e r c i s e s  a n d  
a  s u r v e y  o f  s h i p s  i n  t h e  D o v e r  S t r a i t  
D i s t r i b u t i o n  o f  s h i p  s i z e  b y  a r e a  i n  t h e  s i m u l a t o r  
d a t a
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a n d  m a x im u m  s p e e d :  s i m u l a t o r  d a t a  
D i s t r i b u t i o n  o f  l e n g t h  o f  s e a - e x p e r i e n c e  o f  t h e  
n a v i g a t o r  b y  a r e a :  s i m u l a t o r  d a t a  
D i s t r i b u t i o n s  w i t h  r e s p e c t  t o  f i s h i n g  
b o a t s
D i s t r i b u t i o n s  w i t h  r e s p e c t  t o  b u o y s  u n d e r  d i f f e r e n t  




I n t r o d u c t i o n
T H E  G E N E R A L  P R O B L E M
I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  a n  i n c r e a s i n g  i n t e r e s t  i n  t h e  s e a , -  
f o r  i t  i s  t o  t h e  w o r l d  a  m e a n s  o f  c o m m u n ic a t io n ,  a  s o u r c e  o f  f o o d  a n d  a  
s o u r c e  o f  m i n e r a l s .  A s  t h e  l a n d  b e c o m e s  m o r e  c r o w d e d  a n d  i t s  r e s o u r c e s  
b e c o m e  s c a r c e r ,  s o  m o r e  a t t e n t i o n  i s  p a i d  t o  t h e  s e a .  T h i s  a l l  c o n t r i ­
b u t e s  t o  t h e  i n c r e a s e d  p r o b le m s  i n v o l v e d  i n  s e a  t r a n s p o r t .
I t  h a s  b e e n  p r e d i c t e d ,  ( T h o n ^ ) S o n  ( 1 9 7 2 ) ) ^   ^ t h a t  b y  1 9 8 0  t h e  t o t a l  
n u m b e r  o f  s h i p s  w i l l  h a v e  i n c r e a s e d  b y  a b o u t  4 0 %  o n  t h e  l e v e l  f o r  1 9 6 9 .  
T a b l e  1 . 1  s h o w s  a  c o m p a r i s o n  b y  t y p e  o f  s h i p  b e t w e e n  t h e  t o t a l  s h i p  
p o p u l a t i o n s  o f  1 9 6 9  a n d  1 9 8 0  ( e s t i m a t e d ) ;  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
g e n e r a l  c a r g o  s h i p s  a n d  p a s s e n g e r  l i n e r s ,  t h e  l a r g e s t  g r o u p  o f  s h i p s  i n  
1 9 6 9 ,  a r e  e x p e c t e d  t o  d e c r e a s e  i n  n u m b e r s  b u t  t h e  o t h e r  t y p e s  o f  s h i p  w i l l  
a l l  i n c r e a s e
V e s s e l  T y p e
T o t a l  S h i p  
P o p u l a t i o n
1 9 8 0  F i g u r e s  a s  a  
P e r c e n t a g e  o f  t h e
1 9 6 9 1 9 8 0 1 9 6 9  F i g u r e s
T a n k e r s 5 8 6 9 7 9 8 0 1 3 6
O r e  a n d  B u l k  C a r r i e r s 2 3 7 8 4 1 1 5 1 7 3
G e n e r a l  C a r g o  a n d
P a s s e n g e r 2 6 1 0 0 1 6 4 6 7 6 3
F i s h i n g 1 1 9 4 9 1 7 9 0 0 1 5 0
O t h e r s 3 9 8 0 2 3 5 5 4 5 9 2
T o t a l 5 0 2 7 6 7 0 0 1 6 1 3 9
N o t e s  ( s e e  p . 3 2 0 )
T A B L E  1 . 1  C o m p a r i s o n  o f  E s t i m a t e d  S h i p  P o p u l a t i o n s  1 9 6 9  a n d  1 9 8 0
T h e  c h a n g in g  p a t t e r n  i s  a g a i n  i l l u s t r a t e d  i n  T a b l e  1 . 2  w h ic h  g i v e s  
a  c o m p a r i s o n  b e t w e e n  1 9 6 9  a n d  1 9 8 0  o f  t h e  e s t i m a t e d  n u m b e r  o f  s h i p s  p e r
d a y  p a s s i n g  t h r o u g h  c e r t a i n  k e y  r e g i o n s  o f  s e a .  A l t h o u g h  i t  i s
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R e g i o n
S h i p s p e r  D a y
1 9 6 9 1 9 8 0
E n g l i s h  C h a n n e l 4 0 0 3 4 0
S t r a i t  o f  G i b r a l t a r 2 1 5 1 8 0
C a p e  o f  G o o d  H o p e 1 6 0 2 2 5
C o a s t  o f  J a p a n 1 0 0 1 9 0
M a la c c a  S t r a i t 8 5 1 8 0
M a s q a t  ( P e r s i a n  G u l f ) 8 0 1 8 0
N o t e s  ( s e e  p . 3 2 0 )
T A B L E  1 . 2  C o m p a r i s o n  o f  t h e  E s t i m a t e d  D a i l y  T r a f f i c  
F l o w  i n  C e r t a i n  S e a  A r e a s ,  1 9 6 9  a n d  1 9 8 0
e x p e c t e d  t h a t  t h e  m o s t  h e a v i l y  c o n g e s t e d  r e g i o n s  i n  1 9 6 9 ,  v i z  t h e  E n g l i s h  
C h a n n e l  a n d  t h e  S t r a i t  o f  G i b r a l t a r ,  w i l l  h a v e  a  d e c r e a s e  i n  t r a f f i c ,  t h e y  
w i l l  s t i l l  b e  v e r y  b u s y  a n d  i n  o t h e r  a r e a s  t h e  c o n g e s t i o n  w i l l  i n c r e a s e .
I t  s h o u l d  b e  n o t e d  t h a t  t h e  f o r e c a s t s  f o r  1 9 8 0  d o  n o t  t a k e  i n t o  a c c o u n t  
c h a n g in g  p o l i t i c a l  s i t u a t i o n s  s u c h  a s  t h e  p o s s i b l e  r e o p e n i n g  o f  t h e  S u e z  
C a n a l .  A  f u r t h e r  c o m p a r i s o n  i s  g i v e n  i n  T a b l e  1 , 1  A p p e n d ix  I .
C o u p le d  w i t h  t h e  i n c r e a s e  i n  t h e  v o lu m e  o f  m a r i n e  t r a f f i c  e x p e c t e d ,  
i s  t h e  c u r r e n t  t r e n d  t o w a r d s  b u i l d i n g  l a r g e r  a n d  f a s t e r  s h i p s  t o  t r a n s p o r t  
h u g e  q u a n t i t i e s  a t  a n y  o n e  t i m e .
A  c o m p a r i s o n  o f  t h e  g r o w t h  o f  t h e  n iu n b e r  o f  s h i p s  a n d  t h e i r  i n c r e a s e  
i n  s i z e  o v e r  t h e  1 0  y e a r  p e r i o d  1 9 6 3 - 1 9 7 3  i s  g i v e n  i n  T a b l e  1 . 3 .  T h e  
i n c r e a s e  i n  n u m b e r  o f  s h i p s  i n  t h i s  p e r i o d  i s  j u s t  o v e r  5 0 % .  B y
f t o  t h e  f i g u r e s  f o r  o i l  t a n k e r s ,  i t  c a n  b e  s e e n  t h a t  t h e y  a r e  
t h e  m a j o r i t y  o f  t h e  v e r y  l a r g e  s h i p s ,  A  l a r g e r  t a b l e  s h o w i n g  m o r e  d e t a i l s  
o f  t h e  d i s t r i b u t i o n  b y  s i z e  f o r  e a c h  t y p e  o f  s h i p  a n d  f o r  e a c h  o f  t h e  t w o  
y e a r s  i s  g i v e n  i n  A p p e n d ix  I  p e g c  1 9 3 ,  I n  1 9 6 3  t h e  l a r g e s t  s h i p s  w e r e  
j u s t  o v e r  4 0 , 0 0 0  g r o s s  t o n s  b u t  b y  1 9 7 3  t h e  l a r g e s t  s h i p s  w e r e  o v e r  
1 4 0 , 0 0 0  g r o s s  t o n s .
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T y p e ^  
o f  S h i p
G r o s s
" ' - . . ^ ^ n n a g e
1 0 0  -  
1 9 9 9
2 0 0 0  -  
9 9 9 9
1 0 0 0 0  -  
3 9 9 9 9
4 0 0 0 0  
a n d  o v e r
T o t a l
O i l
1 9 6 3 1 9 0 9 6 5 6 2 3 8 1 3 8 4 9 8 4
T a n k e r s 1 9 7 3 2 2 0 5 1 2 8 8 2 3 4 0 7 7 4 6 6 0 7
O t h e r s
1 9 6 3 2 1 5 2 7 1 1 5 7 8 1 4 7 1 1 1 3 4 5 8 7
1 9 7 3 3 7 1 4 4 1 1 2 8 8 4 1 4 5 4 2 2 5 2 9 9 9
1 9 6 3 2 3 4 3 6 1 2 2 3 4 3 8 5 2 4 9 3 9 5 7 1
T O T A L
1 9 7 3 3 9 3 4 9 1 2 5 7 6 6 4 8 5 1 1 9 6 5 9 6 0 6
N o t e s  ( s e e  p . 3 2 0 )
T A B L E  1 . 3  C o m p a r i s o n  o f  t h e  D i s t r i b u t i o n s  o f  t h e  W o r l d ’ s  S h i p s  
b y  S i z e  a n d  b y  T y p e  i n  1 9 6 3  a n d  1 9 7 3
T h e s e  l a r g e r  s h i p s  n e e d  d e e p e r  w a t e r  t h a n  s m a l l e r  o n e s  s o  t h a t  
p a r t i c u l a r l y  i n  r e l a t i v e l y  s h a l l o w  w a t e r  s u c h  a s  t h e  N o r t h  S e a ,  t h e r e  i s  
l e s s  n a v i g a b l e  s p a c e  f o r  t h e m .  A d d i t i o n a l l y ,  b e c a u s e  o f  t h e i r  i n c r e a s e d  
s i z e  t h e i r  m a n o e u v e r a b i l i t y  i s  o f t e n  r e s t r i c t e d .  T h i s  i s  i l l u s t r a t e d  i n  
T a b l e  1 . 4  w h i c h  g i v e s  f o r  f o u r  v a r i e t i e s  o f  t a n k e r ,  d e t a i l s  o f  t h e i r  
p e r f o r m a n c e  w h e n  a  c r a s h  s t o p  i s  n e c e s s a r y .  I t  s h o w s  t h e  t i m e  a n d  
d i s t a n c e  t a k e n  t o  r e d u c e  f r o m  a n  i n i t i a l  s e r v i c e  s p e e d  t o  a  s p e e d  o f  
0  k n o t s .
T h e  l i k e l y  c o n s e q u e n c e s  i f  n o  a c t i o n  i s  t a k e n  i n  t h e  l i g h t  o f  t h e
t r e n d s  d e s c r i b e d  a b o v e  a r e  n o t  d i f f i c u l t  t o  i m a g i n e .  A t  p r e s e n t  t h e
n u m b e r  o f  s e r i o u s  a c c i d e n t s  a t  s e a  p e r  a n n u m  i s  s m a l l ,  b u t  t h e  r a t e  f o r
(2)
c a s u a l t i e s  o f  a  m i n o r  n a t u r e  i s  h i g h .  F i g u r e s  f o r  1 9 7 3  s h o w  t h a t  t h e r e  
w a s  n e a r l y  a  2 0 %  c h a n c e  t h a t  a  s h i p  o f  5 0 0  g r o s s  t o n s  a n d  o v e r  w o u ld  
s u f f e r  m i n o r  d a m a g e  i n  s o m e  w a y  d u r i n g  a  y e a r .
T a b l e  1 . 5  g i v e s  d e t a i l s  o f  t h e  n u m b e r  o f  s h i p s  o f  5 0 0  g r o s s  t o n s  a n d  
o v e r  r e p o r t e d  a s  t o t a l  l o s s e s  o r  p a r t i a l  l o s s e s  d u r i n g  1 9 7 3 .  I t  s h o u l d  
b e  m e n t i o n e d  t h a t  t h e  f i g u r e s  f o r  t o t a l  l o s s e s  i n c l u d e  c o n s t r u c t i v e  t o t a l  
l o s s e s  w h i c h  w h e n  c o n s i d e r e d  o v e r  a  p e r i o d  o f  t i m e  c a n  b e  s e e n  t o  b e  
i n c r e a s i n g .  T h i s  i s ,  h o w e v e r ,  m o s t  p r o b a b l y  o n l y  a  r e f l e c t i o n  o n  t h e  
i n c r e a s e  i n  r e p a i r  c o s t s ,  m a k in g  i t  m o r e  f r e q u e n t l y  c h e a p e r  t o  b u y  a  n e w
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s h i p  t h a n  t o  s a l v a g e  a n d  r e p a i r  t h e  o l d  o n e .  T h e  s e c o n d  h a l f  o f  t h e  
t a b l e  g i v e s  t h e  n u m b e r  o f  c a s u a l t i e s  i n  1 9 7 3  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  
n u m b e r  o f  s h i p s  a t  1 s t  J u l y  1 9 7 3 .  I t  i s  p o s s i b l e  t h a t  a n y  o n e  s h i p  m a y  
b e  a  c a s u a l t y  m o r e  t h a n  o n c e  d u r i n g  a  y e a r ,  s o  t h i s  g i v e s  a  m e a s u r e  o f  t h e  
a c c i d e n t  r a t e  p e r  s h i p  a f l o a t .  E v e n  i f  t h e  a c c i d e n t s  i n v o l v i n g  d a m a g e  
t o  m a c h i n e r y ,  s h a f t s  a n d  p r o p e l l e r s  a r e  o m i t t e d ,  t h e r e  i s  s t i l l  a b o u t  a  
1 4 %  c h a n c e  t h a t  a  s h i p  w i l l  s u f f e r  m i n o r  d a m a g e  i n  s o m e  w a y  d u r i n g  a  y e a r .
T h e  r e s u l t a n t  l o s s  o f  l i f e  i s  u s u a l l y  lo w  e v e n  i n  t h e  m o r e  s e r i o u s  
c o l l i s i o n s  d u e  t o  t h e  i n c r e a s e d  s a f e t y  a w a r e n e s s  i n  t h e  c o n s t r u c t i o n  o f  
s h i p s .  A n  e x a m p le  o f  t h i s  i s  g i v e n  b y  t h e  A n d r e a  D o r i a - S t o c k h o l m  
c o l l i s i o n  i n  1 9 5 6  w h e n  o n l y  4 0  l i v e s  w e r e  l o s t  o u t  o f  a  t o t a l  o f  2 2 4 0  
p a s s e n g e r s  a n d  c r e w  o n  t h e  t w o  s h i p s  c o m b in e d ^  b u t  t h e  A n d r e a  D o r i a  s a n k .  
H o w e v e r ,  m a n y  o f  t h e  m i n o r  c a s u a l t i e s  r e s u l t  i n  e n v i r o n m e n t a l  d a m a g e ,  
w h i c h  i s  a  p r o b l e m  o f  g r o w i n g  c o n c e r n  a n d  i m p o r t a n c e .  I t  t o o k  a n  
i n c i d e n t  a s  s p e c t a c u l a r  a s  t h e  ' T o r r e y  C a n y o n *  s t r a n d i n g  i n  1 9 6 7  t o  m a k e  
p e o p le  a w a r e  o f  t h e  d a n g e r s  o f  s u c h  a  s i t u a t i o n ,  ( f o r  i n s t a n c e  O u d e t
(1968/^^ ).
W i t h  t h e  l a r g e  q u a n t i t i e s  o f  o i l  a n d  c h e m i c a l s  b e i n g  c a r r i e d  i n  
s i n g l e  u n i t s  i t  i s  e s s e n t i a l  t h a t  t h e  p r e s e n t  r a t e  o f  c a s u a l t i e s  s h o u l d  
b e  r e d u c e d  i f  c u m u l a t i v e  a n d  u l t i m a t e l y  d i s a s t r o u s  p o l l u t i o n  o f  t h e  s e a  
i s  t o  b e  p r e v e n t e d .
E v e n  i f  t h e  s a f e t y  a n g l e  o f  t h e  p r o b le m  w e r e  t o  b e  s e t  a s i d e ,  t h e  
i n c r e a s i n g  c o n g e s t i o n  i n  m a r i n e  t r a f f i c  i m p l i e s  i n c r e a s i n g  c o s t s .
V a n a g s  ( 1 9 7 2 ) ^ ^ ^  c o n s i d e r s  s o m e  o f  t h e  a s p e c t s  o f  t h i s .
T h u s  i t  i s  r e a l i z e d  n o w  t h a t  t h e  g e n e r a l  r e q u i r e m e n t  i s  t o  l o o k  f o r  
a  m o r e  e f f i c i e n t  u s e  o f  a v a i l a b l e  w a t e r  a r e a s .  T h i s  h a s  l e d  t o  t h e  
d e v e lo p m e n t  o f  a  c o m p l e t e l y  n e w  f i e l d  o f  s t u d y  k n o w n  a s  m a r in e  t r a f f i c  
e n g i n e e r i n g .  I t  i s  i n t e r e s t i n g  t o  r e a l i z e  t h a t  t h e  s e a  w h ic h  i s  o n e  o f  
t h e  o l d e s t  m e a n s  o f  t r a n s p o r t  k n o w n  t o  m a n  h a s  i n  f a c t  r e m a in e d  o n e  o f  
t h e  f r e e s t  a n d  m o s t  i n d i v i d u a l i s t i c  l o n g  a f t e r  i t  w a s  f o u n d  n e c e s s a r y  t o  
s t u d y  t h e  a i r  a n d  t h e  r o a d  m o r e  c l o s e l y .
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P R O G R E S S  I N  M A R IN E  T R A F F I C  E N G IN E E R IN G
M a r i n e  t r a f f i c  e n g i n e e r i n g  h a s  b e e n  d e f i n e d  * a s  t h e  s t u d y  o f  m a r i n e  
t r a f f i c  a n d  t h e  a p p l i c a t i o n  o f  t h e  r e s u l t s  o f  s u c h  a  s t u d y  t o  im p r o v e m e n t s  
i n  n a v i g a t i o n  f a c i l i t i e s  a n d  t r a f f i c  r e g u l a t i o n ,  w i t h  t h e  a im  o f  m a k in g  
s e a  t r a n s p o r t  b o t h  s a f e  a n d  e f f i c i e n t * ,  ( S i l v e r l e a f  ( 1 9 7 2 ) ^ ^ ^ ) .
A s  m a r i n e  t r a f f i c  s y s t e m s  a r e  j u s t  a n o t h e r  f o r m  o f  t r a n s p o r t ,  t h e  
d i f f e r e n t  a s p e c t s  o f  t h e  s u b j e c t  a r e  b r o a d l y  t h e  s a m e  a s  f o r  a n y  t r a n s p o r t  
s t u d y .  T h e  m a in  h e a d i n g s  u n d e r  w h ic h  t h e  s y s t e m s  c a n  b e  s t u d i e d  a r e  
t h u s
T r a f f i c  F l o w  a n d  P a t t e r n s
A c c i d e n t  S t a t i s t i c s  a n d  C o l l i s i o n  A v o id a n c e  
R o u t e  C h a r a c t e r i s t i c s  
S e p a r a t i o n  a n d  R o u t i n g  S y s t e m s  
I n f o r m a t i o n  a n d  C o n t r o l  E q u ip m e n t  
E c o n o m ic  A s p e c t s  
O p e r a t i o n a l  P r o c e d u r e s ,
I n  t h e  p r e v i o u s  s e c t i o n ,  t h e  g e n e r a l  s c e n e  w a s  s e t .  I t  i s  p e r h a p s  
w o r t h w h i l e  a t  t h i s  p o i n t ,  h o w e v e r ,  t o  c o n s i d e r  a  l i t t l e  o f  t h e  h i s t o r i c a l  
b a c k g r o u n d  o f  t h e  s u b j e c t ,  l e a d i n g  t o  t h e  p o i n t  i n  t i m e  w h e n  m a r i n e  
t r a f f i c  e n g i n e e r i n g  h a s  b e c o m e  r e c o g n i z e d  a s  a n  i m p o r t a n t  s c i e n c e .
T o  t h e  n a v i g a t o r ,  t h e  t o p i c  w h ic h  h a s  a lw a y s  b e e n  o f  im p o r t a n c e  i s  
t h a t  o f  c o l l i s i o n  a v o id a n c e  a n d  r u l e s  c o n c e r n i n g  i t  h a v e  b e e n  i n  e x i s t e n c e  
f o r  a  l o n g  t i m e ;  t h e  e a r l i e s t  o f  w h ic h  r e c o r d  h a s  b e e n  f o u n d  a r e  t h e  
R h o d i a n  L a w s  d a t i n g  f r o m  t h e  t h i r d  o r  s e c o n d  c e n t u r y  B C  o r  e a r l i e r .  A n  
i n t e r e s t i n g  h i s t o r i c a l  d e v e lo p m e n t  i s  g i v e n  i n  K e m p  ( 1 9 7 4 )  ^ .  H o w e v e r ,
t h e  m a in  e m p h a s i s  w a s  o n  s a f e t y  w i t h  m u c h  l e s s  t h o u g h t  g i v e n  t o  e f f i c i e n c y ,
O n e  o f  t h e  f i r s t  s t u d i e s  w h i c h  c o m b in e d  s a f e t y  a n d  e f f i c i e n c y  w a s  t h e  
d e v e lo p m e n t  o f  t h e  w a r - t i m e  c o n v o y s  i n  1 9 4 1 .  M a t h e m a t ic a l  r e l a t i o n s h i p s  
w e r e  d e v e lo p e d  b e t w e e n  t h e  s t r i k i n g  r a t e  p e r  c o n v o y  ( t h e  r a t i o  o f  t h e  
n u m b e r  o f  s h i p s  s u n k  t o  t h e  n u m b e r  o f  s h i p s  t h a t  s a i l e d )  a n d  t h e  
in d e p e n d e n t  v a r i a b l e s  o f  n u m b e r  o f  e s c o r t s ,  s i z e  o f  c o n v o y ,  s p e e d  o f  
c o n v o y  a n d  a m o u n t  o f  a i r  c o v e r .  T h e  n e w  f e a t u r e  o f  t h e  s t u d y  w a s  a g a in  
n o t  t h e  u s e  o f  c o n v o y s ,  a s  t h e y  w e r e  f i r s t  i n t r o d u c e d  b y  t h e  S p a n i s h  w i t h  
t h e i r  t r e a s u r e  s h i p s  f r o m  S o u t h  A m e r i c a ,  b u t  h o w  t h e y  c o u l d  b e  u s e d  
e f f i c i e n t l y .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  s t u d y  w a s  
t h e  f i r s t  w h e r e b y  o p e r a t i o n a l  r e s e a r c h  w a s  d e v e lo p e d  a s  a  s c i e n c e .
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A f t e r  t h e  w a r  c a m e  t h e  s e t t i n g  u p  o f  t h e  B r i t i s h  I n s t i t u t e  o f
N a v i g a t i o n  i n  1 9 4 7  w h i c h  a m o n g  i t s  o b j e c t i v e s  i n c l u d e d  ' T o  a d v a n c e  t h e
s c i e n c e  a n d  p r a c t i c e  o f  n a v i g a t i o n  a n d  i t s  a s s o c i a t e d  s c i e n c e s * .  S o m e
o f  t h e  e a r l y  p a p e r s  p u b l i s h e d  i n  i t s  j o u r n a l  c o n s i d e r e d  t h e  i d e a s
s u g g e s t e d  b y  m a r i n e  t r a f f i c  e n g i n e e r i n g  s u c h  a s  t h e  o n e  b y  P a r k e r  a n d  
(7)
he  P a g e  ( 1 9 4 9 )
O p e r a t i o n a l  r e s e a r c h  t e c h n i q u e s  w e r e  a p p l i e d  t o  c e r t a i n  s p e c i f i c  
a s p e c t s  o f  m a r i n e  t r a n s p o r t  i n  t h e  n e x t  f e w  y e a r s .  F o r  i n s t a n c e ,  
t h e  e x a m p le  o f  s h i p s  q u e u in g  f o r  b e r t h s  i s  i n c l u d e d  i n  m a n y  t e x t b o o k s  o n  
q u e u i n g  t h e o r y  ( e . g .  S a s i e n i ,  Y a s p a n ,  a n d  F r i e d m a n  ( 1 9 5 9 )  
c l a s s i c  t e x t s ! ) .
( 8)
o n e  o f  t h e
( 9 )
H o w e v e r ,  r e f e r e n c e  t o  B e a t t i e  ( 1 9 6 8 ) ^  g i v e s  s o m e  id e a  o f  w h a t  
l i t t l e  s y s t e m a t i c  s t u d y  o f  m a r i n e  t r a f f i c  h a s  b e e n  u n d e r t a k e n  u p  t o  t h a t  
t i m e .  O n  1 s t  J u n e  1 9 6 7  a  v o l u n t a r y  r o u t i n g  s y s t e m  w a s  i n t r o d u c e d  i n  t h e  
D o v e r  S t r a i t  a n d  y e t  i n  t h e  4 5  m o n t h s  f o l l o w i n g ,  t h e r e  w e r e  4 0  c o l l i s i o n s  
c o m p a r e d  t o  3 6  c o l l i s i o n s  i n  t h e  4 5  m o n t h s  i m m e d i a t e l y  p r e c e e d in g  t h e  
i n t r o d u c t i o n  o f  t h e  s c h e m e ^ ^ ^ \  T h e  n e c e s s i t y  t o  e v a l u a t e  t h e  e x i s t i n g  
s c h e m e  a n d  a l t e r n a t i v e s ,  t o g e t h e r  w i t h  t h e  ' T o r r e y  C a n y o n '  s t r a n d i n g  i n  
1 9 6 7  h e l p e d  t o  m o v e  o p i n i o n  o v e r  t o  t h e  n e e d  f o r  m o r e  k n o w le d g e  o f  w h a t  
w a s  h a p p e n in g  a t  s e a .  D u r i n g  1 9 7 1 ,  f i v e  s h o r t  p e r i o d  s u r v e y s  o f  s h i p p i n g  
i n  t h e  D o v e r  S t r a i t  w e r e  m a d e ^ ^ ^ ^  a n d  a  c o n t i n u o u s  s u r v e y  w a s  s t a r t e d  i n
1972(13)^
I n  o t h e r  c o u n t r i e s  v a r i o u s  a m o u n t s  o f  r e l e v a n t  w o r k  h a v e  b e e n  d o n e  
b u t  b y  f a r  t h e  m o s t  h a s  c o m e  f r o m  J a p a n .  T h e  f i r s t  e x t e n s i v e  t r a f f i c  
s u r v e y  w a s  c a r r i e d  o u t  i n  1 9 6 3  a n d  a  b r i e f  o v e r v i e w  o f  t h e  r e s u l t s  
s t e m m in g  f r o m  t h i s  a n d  s u b s e q u e n t  s u r v e y s  i s  g i v e n  i n  T o y o d a  a n d  F u j i i
( 1 4 )   ^ J a p a n e s e  a r e  t r a d i t i o n a l l y  a  m a r i t i m e  n a t i o n  w i t h  h i g h l y
c o n g e s t e d  w a t e r s ,  a n d  t h e y  a r e  u n d o u b t e d l y  t h e  p i o n e e r s  i n  t h i s  s u b j e c t .
I n  1 9 7 2 ,  t h e  f i r s t  i n t e r n a t i o n a l  c o n f e r e n c e  o n  m a r in e  t r a f f i c  
e n g i n e e r i n g  i n  t h i s  c o u n t r y  w a s  h e l d  a t  t h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r y  
a t  T e d d i n g t o n .  T h e  l a r g e  a u d ie n c e  w a s  s u f f i c i e n t  a lo n e  t o  g i v e  
t h e  r e a l  i n t e r e s t  i n  t h e  s u b j e c t .  T h e  r e p o r t  o f  t h e  p r o c e e d in g s  ,
h o w e v e r ,  g i v e s  c o n c r e t e  e v id e n c e  o f  t h e  p r o g r e s s  t h a t  h a s  b e e n  m a d e  i n  
m a n y  a s p e c t s  a n d  a l s o  o f  t h e  m a n y  i n t e r e s t i n g  a n d  e x c i t i n g  p r o b le m s  t h a t
h a v e  y e t  t o  b e  t a c k l e d .
ì
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T H E  P A R T I C U L A R  P R O B L E M
T h e  p a r t i c u l a r  a s p e c t  w i t h  w h ic h  t h i s  r e s e a r c h  i s  c o n c e r n e d  i s  t o  
t r y  a n d  e s t a b l i s h  t h e  w a t e r  a r e a  r e q u i r e d  b y  a n y  o n e  s h i p  f o r  s a f e  
n a v i g a t i o n .  T h i s  h a s  l e d  t o  t h e  c o n s i d e r a t i o n  o f  t h e  id e a  o f  a  s h i p  
d o m a in  w h ic h  m a y  b e  d e f i n e d  a s  t h e  e f f e c t i v e  a r e a  a r o u n d  a  s h i p  w h i c h  
a  n a v i g a t o r  w o u ld  l i k e  t o  k e e p  f r e e  w i t h  r e s p e c t  t o  o t h e r  s h i p s  a n d  
s t a t i o n a r y  o b j e c t s .  T o  i l l u s t r a t e  t h i s  i d e a  F i g .  1 . 1  o v e r l e a f  g i v e s  f o r  
o n e  p a r t i c u l a r  s h i p  d u r i n g  a  c r o s s i n g  o f  t h e  E n g l i s h  C h a n n e l  f r o m  D o v e r  
t o  D u n k e r q u e ,  t h e  r e l a t i v e  t r a c k s  o f  s o m e  o t h e r  s h i p s  a n d  b u o y s .  A r o u n d  
t h e  s h i p  t h e r e  i s  t h e  a r e a  o f  c l e a r  w a t e r  f r e e  o f  a l l  o t h e r  t r a c k s  a n d  
t h i s  c o n s t i t u t e s  t h e  d o m a in  o f  t h e  s h i p .  T h e  a c t u a l  s i z e  a n d  s h a p e  o f  
t h e  d o m a in  i t  i s  c o n s i d e r e d ,  w i l l  b e  d e p e n d e n t  u p o n  v a r i o u s  f a c t o r s .  
T y p i c a l  o n e s  w i l l  b e  t h e  s i z e  a n d  t y p e  o f  s h i p ,  b o t h  o f  t h e  n a v i g a t o r ' s  
o w n  a n d  o f  t h o s e  h e  e n c o u n t e r s ,  t h e  e x p e r i e n c e  o f  t h e  n a v i g a t o r ,  t h e  
s p e e d  o f  t h e  s h i p ,  t h e  w e a t h e r  c o n d i t i o n s  p r e v a i l i n g ,  a n d  t h e  t y p e  o f  
w a t e r s  t h r o u g h  w h i c h  t h e  s h i p  i s  p a s s i n g .
T h e  c o n c e p t  o f  t h e  s h i p  d o m a in  i s  d e v e lo p e d  i n  m o r e  d e t a i l  i n  t h e  
n e x t  c h a p t e r .
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C H A P T E R  2
D e s c r i p t i o n  o f  a  S h i p  D o m a in
O T H E R  D O M A IN S
W h e n  a  s h i p  p a s s e s  t h r o u g h  a n  a r e a  s u c h  a s  t h e  D o v e r  S t r a i t ,  i t  i s  
h y p o t h e s i s e d  t h a t  t h e  n a v i g a t o r  m a n o e u v r e s  s o  t h a t  o t h e r  s h i p s  s h o u l d  
n o t  e n t e r  a  c e r t a i n  a r e a  s u r r o u n d i n g  h i s  o w n  s h i p .  S u c h  a n  a r e a  i s  
t e r m e d  a  * s h i p  d o m a in * .  S i m i l a r  c o n c e p t s  e x i s t  w i t h  o t h e r  m o d e s  o f  
t r a n s p o r t  a n d  in d e e d  i n  a n y  p e r s o n  t o  p e r s o n  s i t u a t i o n .
1 .  P e r s o n a l  D o m a in s
W h e n e v e r  o n e  p e r s o n  i s  t a l k i n g  t o  a n o t h e r  w h e t h e r  s t a n d i n g  o r  
s i t t i n g ,  t h e r e  i s  a  c e r t a i n  d i s t a n c e  a p a r t  a t  w h i c h  h e  f e e l s  m o s t  
r e l a x e d  a n d  c o m f o r t a b l e .  N o t  o n l y  o n e ' s  c o m p a n io n ,  b u t  t h e  c i r c u m s t a n c e s  
u n d e r  w h i c h  t h e  d i s c u s s i o n  t a k e s  p l a c e ,  b o t h  i n  t e r m s  o f  p h y s i c a l  
s u r r o u n d i n g s  a n d  t o p i c  o f  c o n v e r s a t i o n  w i l l  b e  f a c t o r s  a f f e c t i n g  t h i s  
d i s t a n c e .  O n c e  t h e  d i s t a n c e  a p a r t  b e c o m e s  t o o  c l o s e  f o r  c o m f o r t  i n  
t h e  c i r c u m s t a n c e s ,  t h e  p e r s o n a l  d o m a in  h a s  b e e n  v i o l a t e d  a n d  a c t i o n  m a y  
b e  n e c e s s a r y .  T v ; o  p e o p le  w h o  h a v e  w o r k e d  o n  t h i s  id e a  a r e  L i t t l e  
( 1 9 6 5 ) ^ ^ ^ ^  a n d  H a l l  ( 1 9 5 5 )  A m o n g  v a r i o u s  f i n d i n g s  a r e  s o m e  o n
h o w  n a t i o n a l i t y  a f f e c t s  t h e  p e r s o n a l  d o m a in ,  A m e r ic a n s  w i l l  n o t  s t a n d  
n e a r e r  t h a n  1 8 - 2 0  i n c h e s  w h e n  t a l k i n g  t o  a  s t r a n g e r  o f  t h e  s a m e  s e x .
I f  f o r c e d  t o  s t a n d  c l o s e r  t h a n  t h i s  t h e y  t u r n  a n d  f a c e  a t  r i g h t  a n g l e s  
o r  s i d e  b y  s i d e .  A t  i n t e r n a t i o n a l  g a t h e r i n g s  w i t h  L a t i n  A m e r ic a n  o r  
M i d d l e  E a s t e r n  p e o p l e ,  A m e r ic a n s  h a v e  b e e n  o b s e r v e d  t o  r e t r e a t  b a c k w a r d s  
o r  g y r a t e  i n  c i r c l e s  i n  a n  e f f o r t  t o  p r e s e r v e  t h e i r  p r e f e r r e d  s e p a r a t i o n .
2 .  R o a d  D o m a in s
V / i t h  r o a d  t r a n s p o r t  a t t e m p t s  a r e  m a d e  t o  s u g g e s t  w h a t  t h e  d o m a in  
l i m i t s  s h o u l d  b e  i n  t e r m s  o f  t h e  d i s t a n c e  l e f t  b e t w e e n  o n e ' s  o w n  c a r  
a n d  t h e  c a r  i n  f r o n t .  T h e  H ig h w a y  C o d e ’^  c o n t a i n s  a  t a b l e  o f  
s h o r t e s t  s t o p p i n g  d i s t a n c e s  f o r  v a r i o u s  c a r  s p e e d s  a n d  a  r e c o m m e n d a t io n  
t o  d r i v e r s  t o  n e v e r  g e t  c l o s e r  t o  t h e  v e h i c l e  i n  f r o n t  t h a n  t h e  r e q u i r e d  
s t o p p i n g  d i s t a n c e .  F u l l  d e t a i l s  o f  t h i s  a r e  g i v e n  i n  A p p e n d ix  I I .
A n y o n e  w h o  h a s  d r i v e n  a  c a r ,  h o w e v e r ,  w i l l  k n o w  t h a t  i n  p r a c t i c e  
t h e s e  s t a n d a r d s  a r e  n o t  k e p t  t o  b y  e v e r y  v e h i c l e  b u t  a r e  v e r y  m u c h  
d e p e n d e n t  o n  t h e  t e m p e r a m e n t  a n d  e x p e r i e n c e  o f  t h e  d r i v e r .
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3 .  A i r  D o m a in s
W h e n  o n e  c o n s i d e r s  t h e  a i r  s i t u a t i o n  i m m e d i a t e l y  t h e r e  a r e  t h r e e  
d i m e n s i o n s  o f  m o v e m e n t  t o  b e  c o n s i d e r e d .  T h e  o t I * e r  m a j o r  d i f f e r e n c e  
i s  t h a t  c o n t r o l  i s  a c t u a l l y  e x e r c i s e d  o v e r  t h e  m o v e m e n t s  o f  a i r c r a f t ,  
s o  t h a t  t h e y  k e e p  t o  p r e d e t e r m i n e d  r o u t e s .  T h u s  t h e  c o n c e p t  o f  a  
d o m a in  w h i c h  n a v i g a t o r s  w o u ld  t h e m s e l v e s  l i k e  t o  k e e p  c l e a r ,  a n d  w h ic h  
c h a n g e s  u n d e r  d i f f e r e n t  c o n d i t i o n s  n o  l o n g e r  a p p l i e s  i n  t h e  s a m e  s e n s e .  
I n s t e a d  t h e r e  a r e  s e p a r a t i o n  s t a n d a r d s  w h ic h  a r e  e x e r c i s e d  b y  t h e  a i r  
t r a f f i c  c o n t r o l l e r s  a n d  a s  t h e  t i t l e  s u g g e s t s  a r e  s t a n d a r d  f r o m  a i r ­
c r a f t  t o  a i r c r a f t .  T h e s e  s t a n d a r d s  a r e  s e t  s o  a s  t o  m i n i m i s e  t h e  
c o l l i s i o n  r i s k  a r i s i n g  f r o m  f l y i n g  e r r o r s  w h i c h ,  i n  p r a c t i c e ,  m a y  r e s u l t ,  
i n  a c t u a l  p o s i t i o n s  o f  t h e  a i r c r a f t  v e r y  d i f f e r e n t  f r o m  t h e i r  p la n n e d  
a n d  h e n c e  i n t e n d e d  p o s i t i o n s  a t  a n y  t i m e .  E x a m p l e s  o f  t h i s  a p p r o a c h  
a r e  g i v e n  i n  R e i c h  ( 1 9 6 4 )  a n d  .
'  T h e  t h r e e  t y p e s  o f  d o m a in  d e s c r i b e d  a b o v e  o b v i o u s l y  d i f f e r  i n  
n a t u r e .  V i i t h  a  p e r s o n a l  d o m a in ,  t h e  a c t u a l  s a f e t y  c o n c e p t  i s  e x p r e s s e d  
o n l y  a s  a  f e e l i n g  o f  c o m f o r t  w h i c h  i s  o b v i o u s l y  i n d i v i d u a l l y  d e t e r m in e d  
b y  p e r s o n a l i t y  a n d  s i t u a t i o n .  W i t h  a n  a i r c r a f t  d o m a in  t h e  s a f e t y  
e l e m e n t  b e c o m e s  t h e  m o s t  o v e r r i d i n g  f a c t o r ,  s o  t h a t  i n d i v i d u a l  p e r s o n a l i t y  
d i f f e r e n c e s  a r e  n e g l e c t e d  a n d  t h e  d o m a in  i s  a  r i g i d l y  d e f i n e d  c o n c e p t .
T h e  r o a d  d o m a in  i s  p r o b a b l y  t h e r e f o r e  t h e  m o s t  s i m i l a r  c o n c e p t  t o  a  s h i p  
d o m a in ,  s i n c e  b o t h  s a f e t y  f a c t o r s  a n d  p e r s o n a l i t y  f a c t o r s  m u s t  p l a y  a  
p a r t  i n  t h e  s p a c i n g  o f  c a r s  o n  a  r o a d .  H o w e v e r ,  s i n c e  i t  i s  a  t w o -  
d i m e n s i o n a l  p r o b l e m ,  t h e  s h i p  d o m a in  i s  a  m u c h  m o r e  c o m p le x  q u e s t i o n  
t h a n  t h a t  o f  t h e  o n e - d i m e n s i o n a l  r o a d  d o m a in .
S H I P  D O M I N  G E O M E T R Y
T h e  e a s i e s t  r e p r e s e n t a t i o n  o f  a  s h i p  d o m a in  w o u ld  b e  a  c i r c l e
c e n t r e d  o n  t h e  s h i p .  T h i s  c o u ld  b e  d e f i n e d  s i m p l y  i n  t e r m s  o f  t h e
r a d i u s  o f  t h e  c i r c l e .  A l l o w i n g  f o r  t h e  s h i p ’ s  d i m e n s i o n s  w h e r e b y  t h e
s h i p  i s  l o n g e r  t h a n  i t  i s  w i d e r ,  a  s l i g h t l y  m o r e  r e a l i s t i c  r e p r e s e n t a t i o n
o f  t h e  d o m a in  w o u ld  b e  a n  e l l i p s e  c e n t r e d  o n  t h e  s h i p  w i t h  p r i n c i p a l
a x i s  i n  t h e  d i r e c t i o n  o f  t h e  s h i p ’ s  h e a d .  H o w e v e r ,  c o n s i d e r a t i o n  o f( 21 )
t h e  I n t e r n a t i o n a l  R u l e s  f o r  p r e v e n t i n g  c o l l i s i o n s  a t  s e a  ( 1 9 6 0 )  
w o u ld  s u g g e s t  t h a t  b o t h  o f  t h e s e  t w o  o v e r s i m p l i f y  t h e  s i t u a t i o n .  ( T h e  
a p p r o p r i a t e  s e c t i o n s  o f  t h e  R u l e s  a r e  g i v e n  i n  A p p e n d ix  I I ) .  R u l e  1 8  
w h ic h  i s  f o r  s h i p s  i n  a n  e n d - o n  o r  n e a r l y  e n d - o n  s i t u a t i o n  s a y s  t h a t  
e a c h  m u s t  a l t e r  c o u r s e  t o  s t a r b o a r d  s o  t h a t  t h e y  p a s s  o n  t h e  p o r t  s i d e  
o f  e a c h  o t h e r ,  i f  t h e r e  i s  d a n g e r  o f  c o l l i s i o n .  I f  t w o  s h i p s  a r e
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c r o s s i n g  a n d  t h e r e  i s  a  c o l l i s i o n  r i s k  t h e n  R u l e  1 9  s t a t e s  t h a t  t h e  
v e s s e l  w h ic h  h a s  t h e  o t h e r  o n  h e r  s t a r b o a r d  s i d e  m u s t  k e e p  o u t  o f  t h e
w a y  o f  t h e  o t h e r .  T h e  e f f e c t  o f  t h e s e  t w o  r u l e s ,  i t  i s  t h o u g h t ,  w i l l
b e  t h a t  n a v i g a t o r s  a r e  p r e p a r e d  t o  t o l e r a t e  o t h e r  s h i p s  c l o s e r  i n  a
s e c t o r  o n  t h e  p o r t  s i d e  t h a n  i n  a  s e c t o r  o n  t h e  s t a r b o a r d  s i d e .
T h e  r u l e s  d e f i n e  a n  o v e r t a k i n g  v e s s e l  a s  o n e  c o in in g  u p  w i t h  
a n o t h e r  o n e  f r o m  a n y  d i r e c t i o n  m o r e  t h a n  2 2  ^ d e g r e e s  ( 2  p o i n t s )  a b a f t  
h e r  b e a m  ( R u l e  2 4 ) .  I t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  o v e r t a k i n g  s h i p  
t o  k e e p  o u t  o f  t h e  w a y  o f  t h e  s h i p  i t  i s  o v e r t a k i n g .  T h u s  a n y  o n e  
s h i p  d o e s  n o t  h a v e  t o  w o r r y  s o  m u c h  a b o u t  s h i p s  i n  a  s e c t o r  a s t e r n ,  
b e t w e e n  1 1 2 ^ °  a n d  2 4 7 o f  i t s  o w n  h e a d in g .  A s  a  r e s u l t  i t  i s  
e x p e c t e d  t h a t  n a v i g a t o r s  a r e  w i l l i n g  t o  t o l e r a t e  o t h e r  s h i p s  c l o s e r  i n  
t h i s  s e c t o r  t h a n  a h e a d  o f  t h e i r  o w n  s h i p .  H o w e v e r ,  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  p o r t  b o w  s e c t o r  a n d  t h e  a s t e r n  s e c t o r  i s  n o t  c e r t a i n ,  e i t h e r  
m i g h t  h a v e  t h e  b o u n d a r y  f u r t h e r  a w a y .  F i g .  2 . 1  s h o w s  a  t y p i c a l  d o m a in  
t h a t  i s  e iq p e c t e d .  I f  t h e  c o l l i s i o n  r e g u l a t i o n s  w e r e  t h e  o n l y  f a c t o r  
t h e n  t h e  s o l i d  l i n e  s h o w s  t h e  r e s u l t i n g  d o m a in  b o u n d a r y  w i t h  s h a r p  
d i s c o n t i n u i t i e s  a t  t h e  e n d s  o f  t h e  s e c t o r s .  H o w e v e r  i n  p r a c t i c e ,  
o b s e r v a t i o n s  w i l l  n o t  b e  v e r y  p r e c i s e ,  s o  t h e  d o t t e d  l i n e  g i v e s  a  m o r e  
r e a l i s t i c  p i c t u r e .
C O N T R O L L IN G  F A C T O R S
T h e  s i z e  o f  t h e  d o m a in  a n d  p o s s i b l y  s o m e t im e s  t h e  s h a p e ,  w i l l  d e p e n d  
u p o n  a  n u m b e r  o f  f a c t o r s .  T h e  a im  o f  t h i s  t h e s i s  i s  n o t  o n l y  t o  
e s t a b l i s h  m e a n  v a l u e s  f o r  t h e  d i m e n s i o n s  o f  t h e  d o m a in  b u t  a l s o  t o  
i n v e s t i g a t e  s o m e  o f  t h e s e  c o n t r o l l i n g  f a c t o r s .  I n  t h e  c o m p a r i s o n s  w i t h  
t h e  d o m a in s  i n  o t h e r  s i t u a t i o n s  i t  w a s  s e e n  t h a t  t h e r e  a r e  t h r e e  t y p e s  
o f  f a c t o r s ;  ( a )  P s y c h o l o g i c a l  f a c t o r s
( b )  P h y s i c a l  f a c t o r s :  s p e c i f i c  t o  o n e  s h i p
( c )  P h y s i c a l  f a c t o r s ;  g e n e r a l  t o  a l l  s h i p s  i n  a n  a r e a .
A  P S Y C H O L O G IC A L  F A C T O R S
1 .  L e n g t h  o f  S e a - E x p e r i e n c e  o f  N a v i g a t o r
I t  i s  t h o u g h t  t h a t  p r o b a b l y  t h e r e  w i l l  b e  a n  i n v e r s e  r e l a t i o n s h i p
b e t w e e n  t h e  s i z e  o f  t h e  d o m a in  a n d  t h e  l e n g t h  o f  s e a - e x p e r i e n c e  o f  t h e  ^  ^
n a v i g a t o r .  S o m e  e v id e n c e  t o  s u g g e s t  t h i s  h a s  b e e n  g i v e n  b y  K e m p  ( 1 9 7 4 7
i n  h i s  e x p e r i m e n t s  i n t o  f a c t o r s  a f f e c t i n g  c o l l i s i o n s  a t  s e a .  O n e  o f  h i s
f i n d i n g s  w a s  t h a t  g i v e n  a  c e r t a i n  t y p e  o f  e n c o u n t e r  s u b j e c t s  w i t h  g r e a t e r
• «
e x p e r i e n c e  t e n d e d  t o  r e s o l v e  t h e  s i t u a t i o n  m o r e  q u i c k l y  b u t
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____________  D o m a in  s u g g e s t e d  b y  c o l l i s i o n  r e g u l a t i o n s  a lo n e
— — — — D o m a in  e x p e c t e d  i n  p r a c t i c e
2 , 1  H y p o t h e t i c a l  S h a p e  o f  a  T y p i c a l  S h i p  D o m a in
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2 .  T y p e  o f  N a v i g a t o r ’ s  O w n S h i p
T h e  m a n o e u v e r a b i l i t y  o f  a  s h i p  i s  a l s o  c h a n g e d  a c c o r d i n g  t o  i t s  
t y p e .  F o r  i n s t a n c e  a  p a s s e n g e r  l i n e r  i s  c a p a b le  o f  m u c h  f a s t e r  s p e e d s  
t h a n  a  g e n e r a l  c a r g o  s h i p  o f  t h e  sa m e  t o n n a g e .  T h e  e f f e c t  o n  t h e  
d o m a in  w i l l  p r o b a b l y  r e f l e c t  s o m e  s o r t  o f  i n t e r a c t i o n  b e t w e e n  t h e  t y p e  
a n d  s i z e  o f  t h e  s h i p  b u t  b o t h  v a r i a b l e s  s h o u l d  b e  c o n s i d e r e d .
3 .  S i z e  a n d  T y p e  o f  O t h e r  S h i p s
I f  a  n a v i g a t o r  w e r e  a l w a y s  a w a re  o f  t h e  e x a c t  n a t u r e  o f  t h e  o t h e r  
s h i p s  a r o u n d  h i m ,  t h i s  v a r i a b l e  m ig h t  w e l l  b e  o f  i m p o r t a n c e .  H o w e v e r ,  
i f  t h e  v i s i b i l i t y  i s  p o o r  a n d  t h e  n a v i g a t i o n  i s  b e i n g  d o n e  b y  r a d a r  i t  
i s  i m p o s s i b l e  t o  g e t  m u c h  i n f o r m a t i o n  a b o u t  t h e  o t h e r  s h i p s  i n  t h e  a r e a  
r e g a r d i n g  t h e i r  s i z e  a n d  t y p e .  E v e n  a t  n i g h t  t h e  l i g h t s  o n  a  s h i p  m a y  
m a k e  i t s  s i z e  d e c e p t i v e .  H e n c e  i n  g e n e r a l ,  t h i s  v a r i a b l e  i s  n o t  w o r t h  
c o n s i d e r i n g  d i r e c t l y  b u t  w i l l  b e  c o n s i d e r e d  i n d i r e c t l y  i f  w e a t h e r  
c o n d i t i o n s  a r e  t a k e n  i n t o  a c c o u n t  ( s e e  b e l o w ) .  T h e  m a in  e x c e p t i o n  i s  
i f  t h e  o t h e r  s h i p  i s  a  f i s h i n g  b o a t ,  w h i c h  i s  u s u a l l y  e a s y  t o  i d e n t i f y  
o n  a  r a d a r  s c r e e n  a s  i t s  p a t h  w h i l e  f i s h i n g  m a y  b e  v e r y  e r r a t i c .  R u l e  
2 6  o f  t h e  I n t e r n a t i o n a l  C o l l i s i o n  r e g u l a t i o n s  g i v e s  r e s p o n s i b i l i t y  t o  
o t h e r  v e s s e l s  t o  k e e p  o u t  o f  t h e  w a y  o f  f i s h x n g  v e s s e l s .  T h i s  r u l e  
t o g e t h e r  w i t h  t h e  e r r a t i c  b e h a v i o u r  o f  f i s h i n g  b o a t s  i s  l i k e l y  t o  a l t e r  
t h e  s h a p e  o f  t h e  d o m a in  a n d  i t s  s i z e .
A. S p e e d
A s  b o t h  t h e  s p e e d  o f  t h e  n a v i g a t o r ’ s  o w n  s h i p  a n d  t h a t  o f  t h e  
o t h e r  s h i p  w h ic h  i s  b e i n g  c o n s i d e r e d  w h e n  a  n a v i g a t i o n a l  d e c i s i o n  i s  
m a d e ,  a r e  g o i n g  t o  a f f e c t  t h i s  d e c i s i o n ,  a n o t h e r  r e l e v a n t  v a r i a b l e  i s  
t h e  r e l a t i v e  v e l o c i t y  o f  t h ? .  t w o  s h i p s .  A  p o s i t i v e  c o r r e l a t i o n  i s  
e x p e c t e d  b e t w e e n  t h e  d o m a in  d i m e n s i o n s  a n d  t h e  r e l a t i v e  v e l o c i t y  w i t h  
w h i c h  o t h e r  s h i p s  a r e  t r a v e l l i n g .  A n o t h e r  p o s i t i v e  c o r r e l a t i o n  i s  
e x p e c t e d  b e t w e e n  t h e  d o m a in  d i m e n s i o n s  a n d  t h e  a c t u a l  s p e e d  a t  w h ic h  a  
s h i p  i s  t r a v e l l i n g .  T h i s  s e c o n d  r e l a t i o n s h i p  i s  h o w e v e r  l i k e l y  t o  
i n v o l v e  s o m e  i n t e r a c t i o n  w i t h  t h e  v a r i a b l e s  m e a s u r i n g  t h e  s i z e  a n d  t y p e
o f  t h e  s h i p .
■Ml
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C P H Y S I C A L  F A C T O R S ;  G E N E R A L  T O  A L L  S H I P S  I N  T H E  A R E A
1 .  W e a t h e r  C o n d i t i o n s
D i f f e r e n t  w e a t h e r  c o n d i t i o n s  a r e  e x p e c t e d  t o  a f f e c t  t h e  s i z e  o f  t h e
d o m a in .  I n  p a r t i c u l a r  t h e  v i s i b i l i t y  i s  e x p e c t e d  t o  m a k e  t h e  b i g g e s t
(22)
d i f f e r e n c e .  A  r e c e n t  r e p o r t '  ' i n t o  t h e  c i r c u m s t a n c e s  o f  c o l l i s i o n s  
i n  t h e  D o v e r  S t r a i t  a r e a  s h o w e d  t h a t  a t  l e a s t  8 2 %  o f  a l l  c o l l i s i o n s  i n  
t h e  p e r i o d  1 s t  J u n e  1 9 5 9  t o  3 1 s t  M a y  1 9 7 1  i n  t h a t  a r e a  o c c u r r e d  i n  p o o r  
v i s i b i l i t y ,  d e f i n e d  a s  l e s s  t h a n  A k i l o m e t r e s .  I t  i s  t h e r e f o r e  e x p e c t e d  
t h a t  t h e r e  w i l l  b e  a n  i n d i r e c t  r e l a t i o n s h i p  b e t w e e n  d o m a in  s i z e  a n d  
v i s i b i l i t y ,  a s  t h e  d o m a in  w i l l  g e t  l a r g e r  a s  t h e  v i s i b i l i t y  g e t s  s m a l l e r .  
T h e  I n t e r n a t i o n a l  C o l l i s i o n  r e g u l a t i o n s  ( R u l e  1 6 )  ( 1 9 6 0 )  r e q u i r e  a  s h i p  
t o  g o  a t  m o d e r a t e  s p e e d  i n  p o o r  v i s i b i l i t y ,  s o  t h e  v a r i a b l e s  o f  s p e e d  
a n d  v i s i b i l i t y  c a n  b e  e x p e c t e d  n o t  t o  b e  in d e p e n d e n t  o f  e a c h  o t h e r .  
U n f o r t u n a t e l y  t h i s  i s  a n o t h e r  v a r i a b l e  w h ic h  i t  h a s  n o t  b e e n  p o s s i b l e  
t o  s t u d y  i n  d e t a i l  f o r  t h i s  t h e s i s  b u t  p r o v i d e s  a n o t h e r  p o s s i b l e  
e x t e n s i o n  f o r  i t .
2 .  T y p e  o f  W a t e r w a y
T h e  d i m e n s i o n s  o f  t h e  d o m a in  w i l l  b e  a f f e c t e d  b y  t h e  a m o u n t  o f  
r o o m  w h i c h  i s  a v a i l a b l e  f o r  m a n o e v e r in g .  T h e  l e s s  n a v i g a b l e  s p a c e  
t h e r e  i s  t h e  s m a l l e r  t h e  d o m a in  w i l l  b e .  H o w e v e r ,  t h i s  s t u d y  i s  
c o n c e r n e d  i n  p a r t i c u l a r  w i t h  a n  i d e a l  d o m a in ,  w i t h  d i m e n s i o n s  t h a t  
e n a b le  a  n a v i g a t o r  t o  p r o c e e d  w i t h o u t  t o o  m u c h  s t r e s s ,  s o  n o  s y s t e m a t i c  
s t u d y  h a s  b e e n  m a d e  o f  t h e  w a y  t h e  d o m a in  c o m p r e s s e s .  I t  i s  h o w e v e r  
e x p e c t e d  t h a t  d i f f e r e n t  r e s u l t s  w i l l  b e  o b t a i n e d  f o r  d i f f e r e n t  s e a  a r e a s ,  
s u c h  a s  a n  o p e n  s e a  s i t u a t i o n ,  t h e  D o v e r  S t r a i t ,  o r  t h e  S t r a i t  o f
G i b r a l t a r .
I f  t h e  w a t e r w a y  r e d u c e s  t o  a  n a r r o w  c h a n n e l  t h e n  t h e  d o m a in  o f  t h e  
s h i p  m a y  w e l l  c h a n g e  i n  s h a p e  c o m p l e t e l y .  R u l e  2 5  o f  t h e  c o l l i s i o n  
r e g u l a t i o n s  ( 1 9 6 0 )  t e l l s  s h i p s  » t o  k e e p  t o  t h e  r i g h t ’ w h e n  i n  a  n a r r o w  
c h a n n e l .  I n  t h i s  s i t u a t i o n  t h e r e  m a y  b e  l e s s  c l e a r  w a t e r  l e f t  o n  t h e  
s t a r b o a r d  s i d e  t h a n  t h e  p o r t  s i d e  b u t  i n  a n y  c a s e  t h e  m a in  a r e a  o f  
c l e a r  w a t e r  w i l l  b e  a h e a d .
3 .  D e n s i t y  o f  T r a f f i c
J u s t  a s  t h e  n a t u r e  o f  t h e  w a t e n ^ a y  w i l l  a f f e c t  t h e  d o m a in ,  s o  
s i m i l a r l y  w i l l  t h e  d e n s i t y  o f  t r a f f i c  i n  i t .  A s  d e n s i t y  i n c r e a s e s ,  s o  
a g a i n  t h e  d o m a in  w i l l  i n c r e a s e .
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A .  F i x e d  O b j e c t s
I f  a  n a v i g a t o r  e n c o u n t e r s  a  f i x e d  o b j e c t  s u c h  a s  a  b u o y ,  a  l i g h t s h i p  
o r  e v e n  a  b r i d g e  t h e n  a s s u m i n g  t h a t  t h e  n a v i g a t o r  h a s  s o m e  f r e e d o m  a s  
t o  h o w  c l o s e  h e  c a n  a p p r o a c h ,  t h e r e  w i l l  s t i l l  e x i s t  a  d o m a in  w i t h  
r e s p e c t  t o  t h e s e  f i x e d  o b j e c t s .  T h e  d o m a in  w i l l  o b v i o u s l y  d e p e n d  o n  
t h e  n a t u r e  o f  t h e  p a r t i c u l a r  o b j e c t  b u t  i n  g e n e r a l  i t  w i l l  p r o b a b l y  b e  
s m a l l e r  t h a n  f o r  m o v in g  s h i p s .  T h e  s h a p e  o f  t h e  d o m a in  m a y  w e l l  b e  
a l t e r e d  t o o ,  p a r t i c u l a r l y  i f  t h e  o b j e c t s  a r e  i n  a  n a r r o w  c h a n n e l .
T h e  e x a c t  f o r m  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  s i z e  a n d  s h a p e  o f  
t h e  d o m a in  a n d  t h e  v a r i o u s  v a r i a b l e s  d i s c u s s e d  a b o v e  w i l l  b e  c o n s i d e r e d  
i n  C h a p t e r  6 .  I t  s h o u l d  h o w e v e r  b e  m e n t io n e d  a g a in  t h a t  a l t h o u g h  t h e  
v a r i a b l e s  h a v e  b e e n  c a t e g o r i s e d  i n t o  v a r i o u s  t y p e s  t h e r e  w i l l  b e  a  
c e r t a i n  a m o u n t  o f  i n t e r a c t i o n .  F o r  e x a n p l e ,  d i f f e r e n t  p e r s o n a l i t i e s  
m a y  w e l l  i n t e r p r e t  t h e  s a m e  w e a t h e r  c o n d i t i o n s  i n  c o m p l e t e l y  d i f f e r e n t  
w a y s .  T h u s  t h i s  p r o j e c t  m u s t  b e  s t a t i s t i c a l  i n  n a t u r e .
O T H E R  W O R K  O N S H I P  D O M A IN S
T h e  n e x t  s e c t i o n  i n  t h i s  c h a p t e r  d e a l s  w i t h  t h e  w o r k  b y  o t h e r  
p e o p le  t h a t  h a s  b e e n  d o n e  o n  s h i p  d o m a in s .
J a p a n e s e  S t u d i e s
T h e  J a p a n e s e  b e x n g  t h e  f o r e r u n n e r s  i n  m a r i n e  t r a f f i c  e n g i n e e r i n g  
g e n e r a l l y ,  p u b l i s h e d  t h e  f i r s t  p a p e r s  d e a l i n g  w i t h  t h e  c o n c e p t  o f  a  s h i p  
d o m a in .  A  s u m m a r y  p a p e r  o f  t h e i r  w o r k  o n  t h i s  i s  g i v e n  b y  F u j i i  a n d  
T a n a k a  ( 1 9 7 1 ) ^ ^ ^ ^ .  T h e y  u s e  t h e  t e r m i n o l o g y  e f f e c t i v e  d o m a in ,  b u t  
d e f i n e  i t  i n  t e r m s  o f  t h e  o t h e r  s h i p s  i n  t h e  a r e a  a s  " t h e  d o m a in  a r o u n d  
a v e s s e l  u n d e r  w a y  w h ic h  m o s t  n a v i g a t o r s  o f  f o l l o w i n g  v e s s e l s  w o u ld  a v o i d  
e n t e r i n g " .  A s  t h e  d o m a in  b e l o n g s  t o  o n e  p a r t i c u l a r  s h i p  i t  h o w e v e r  
s e e m s  m o r e  s e n s i b l e  t o  d e f i n e  i t  i n  t e r m s  o f  t h e  n a v i g a t o r  o f  t h a t  s h i p .
T h e  r e s u l t s  f o r  t h e  s i z e s  o f  t h e  d o m a in s  g i v e n  a r e  b a s e d  o n  t r a f f i c  
s u r v e y s  a r o u n d  t h e  c o a s t  o f  J a p a n .  T h e y  a r e  e x p e c t e d  t o  b e  r a t h e r  
d i f f e r e n t  t h a n  a n y  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a s  t h e  a r e a s  c o n s i d e r e d  
c o n t a i n e d  t r a f f i c  o f  a  r a t h e r  d i f f e r e n t  n a t u r e  t h a n  t h a t  i n  a r e a s  s u c h  
a s  t h e  N o r t h  S e a  a n d  D o v e r  S t r a i t .  F o r  i n s t a n c e  i n  t h e  c h a n n e l s  o f  
T o k y o  H a r b o u r ,  m o s t  o f  t h e  t r a f f i c  i s  b e t w e e n  2 0 - 1 0 0  g r o s s  t o n s  a n d  i n  
t h e  U r a g a  S t r a i t  t h e  m a j o r i t y  o f  t r a f f i c  i s  b e t w e e n  1 0 0 - 5 0 0  g r o s s  t o n s .
-  2 3  -
T h e  s i t u a t i o n  h a s  i n  a n y  c a s e  b e e n  s i m p l i f i e d  b y  c o n s i d e r a t i o n  o f  
t h e  a r e a  a s t e r n  o f  t h e  s h i p  o n l y  a n d  b y  a s s u m i n g  s y m m e t i r y  b e t w e e n  t h e  
p o r t  a n d  s t a r b o a r d  s i d e s  o f  t h e  s h i p .  F i g .  2 . 2  b e lo w  s h o w s  a  d o m a in
a s  d e f i n e d  i n  t h e  p a p e r .
F i g .  2 . 2  T h e  B o u n d a r y  
o f  a  s h i p  d o m a in  a s  a  
h a l f - e l l i p s e  ( 2 3 )
I t s  b o u n d a r y  i s  a  h a l f - e l l i p s e .  F o r  s h i p s  o f  l e n g t h  b e t w e e n  2 3 0  f t .  
a n d  4 6 0  f t .  i n  a n  a r e a  w h e r e  a l l  t h e  s h i p s  h a v e  l e n g t h s  b e t w e e n  t h e s e  
v a l u e s  t h e  d i m e n s i o n s  o f  t h e  e l l i p s e  w e r e  f o u n d  t o  b e :  s e m i  a x i s  
m a j o r  -  1 6 4 0  f t .  a p p r o x ,  a n d  s e m i  a x i s  m i n o r :  9 8 0  f t .  a p p r o x .
O n e  o f  t h e  a im s  o f  t h i s  t h e s i s  i s  t o  e s t a b l i s h  a  s u i t a b l e  d e f i n i t i o n  
f o r  t h e  d o m a in  b o u n d a r y  a n d  a  f u l l  d i s c u s s i o n  o f  t h i s  i s  g i v e n  i n  
C h a p t e r  5 .  I t  i s  c o n c lu d e d  t h e r e  t h a t  t h e  d e f i n i t i o n  o f  d o m a in  b o u n d a r y  
s u g g e s t e d  b y  t h e  J a p a n e s e  w o r k  i s  n o t  i n  f a c t  t h e  m o s t  s a t i s f a c t o r y .
^ p a r t  f r o m  t h e  l i m i t e d  s t u d y  i n  J a p a n ,  a t  t h i s  p r e s e n t  t i m e  o f  
w r i t i n g ,  n o  o t h e r  a t t e m p t  a p p e a r s  t o  h a v e  b e e n  m a d e  t o  e s t a b l i s h  t h e  
^ a t e r  a r e a  w h ic h  a  s h i p  n e e d s  f o r  i t s  s a f e  n a v i g a t i o n .
A P P L I C A T I O N S  O F  T H E  S T U D Y
I n  t h e  f i n a l  s e c t i o n  o f  t h i s  c h a p t e r  i t  i s  w o r t h  c o n s i d e r i n g  b r i e f l y  
s o m e  o f  t h e  p o s s i b l e  a p p l i c a t i o n s  o f  t h e  r e s u l t s .  A  f u l l e r  d i s c u s s i o n  
o f  t h i s  a s p e c t  i s  g i v e n  i n  C h a p t e r  7 .
1 .  E s t a b l i s h m e n t  o f  C o n t r o l l e d  R o u t e i n g  S y s t e m s
I t  i s  p o s s i b l e  t h a t  s h i p s  c o u l d  b e  g u id e d  t h r o u g h  c o n g e s t e d  a r e a s  
u n d e r  d i r e c t  c o n t r o l  f r o m  a  s h o r e  s t a t i o n  s i m i l a r  t o  a i r  t r a f f i c  c o n t r o l  
p r o c e d u r e s .  T h e  a i r c r a f t  s y s t e m  i s  b a s e d  o n  t h e  m a in t e n a n c e  o f  s a f e  
s e p a r a t i o n  s t a n d a r d s  a n d  i n  t h e  m a r in e  s y s t e m s  t h e  d o m a in s  c o u ld  p r o v i d e  
a  s u i t a b l e  b a s i s  f o r  t h e  s e p a r a t i o n  s t a n d a r d s  t h e r e .
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2 ,  S t u d i e s  o f  E n c o u n t e r  R a t e s
I n  t h e  D o v e r  S t r a i t  a t  t h e  p r e s e n t  t i m e  t h e r e  i s  a  m a n d a t o r y  
t r a f f i c  s e p a r a t i o n  s y s t e m .  P a p e r s  c o n s i d e r i n g  t h e  e f f e c t i v e n e s s  o f  
t h e  s c h e m e  h a v e  l o o k e d  a t  t h e  e n c o u n t e r  r a t e s ,  d e f i n e d  a s  t h e  f r e q u e n c y  
w i t h  w h i c h  o n e  v e s s e l  i s  w i t h i n  s o m e  s p e c i f i e d  d i s t a n c e  o f  a n o t h e r  
( s e e  B a r r a t t  ( 1 9 7 3 ) ^ ^ ^ ^  a n d  D r a p e r  a n d  B e n n e t t  ( 1 9 7 2 ) ^ ^ ^ ) .  A n  o v e r ­
l a p p i n g  o f  t w o  d o m a in s  c o u ld  b e  c o n s i d e r e d  a n  e n c o u n t e r ,  r a t h e r  t h a n  t h e  
a r b i t r a r y  v a l u e s  u s e d  i n  t h e s e  p a p e r s .
3 ,  T r a f f i c  C a p a c i t i e s
F o r  m a n y  p l a n n i n g  p u r p o s e s  i t  i s  u s e f u l  t o  e s t a b l i s h  t h e  t r a f f i c  
c a p a c i t y  o f  a  c h a n n e l .  T h e  b a s i c  t r a f f i c  c a p a c i t y  o f  a  c h a n n e l  c a n  b e  
t h o u g h t  o f  a s  t h e  m a x im u m  n u m b e r  o f  s h i p s  w h i c h  c a n  n e g o t i a t e  t h e  
c h a n n e l  i n  a  g i v e n  u n i t  o f  t i m e  a s s u m i n g  n o r m a l  n a v i g a t i n g  c o n d i t i o n s  
a n d  s h i p s  o f  s i m i l a r  t y p e s .  A  k n o w le d g e  o f  s h i p  d o m a in s  w i l l  h e l p  i n  
e s t a b l i s h i n g  t h i s .
4 ,  C o m p u t e r  S i m u l a t i o n  M o d e l s
R e s u l t s  a b o u t  s h i p  d o m a in s  w i l l  h e l p  i n  s t u d i e s  o f  t h e  b e h a v i o u r  
o f  s h i p s .  T h u s  t h e y  w i l l  b e  u s e f u l  i n  b u i l d i n g  c o m p u t e r  s i m u l a t i o n  
m o d e l s  o f  a r e a s  u n d e r  s t u d y  s u c h  a s  t h e  D o v e r  S t r a i t .
T h e s e  a r e  o n l y  a  f e w  o f  t h e  m a n y  a p p l i c a t i o n s  t h a t  s h o u l d  b e  
p o s s i b l e .  I t  i s  h o w e v e r  a p p a r e n t  t h a t  s h i p s '  d o m a in s  a r e  g o i n g  t o  b e  
a n  i m p o r t a n t  c o n s i d e r a t i o n  i n  t h e  s o l u t i o n  o f  t h e  g e n e r a l  p r o b le m  o f  
a v o i d i n g  c o l l i s i o n s  b e t w e e n  s h i p s  a n d  y e t  s t i l l  m a k in g  t h e  m o s t  e f f e c t i v e
u s e  o f  t h e  w a t e r  a r e a .
S U M M A R Y
I n  t h e  f i r s t  t w o  c h a p t e r s  a n  o u t l i n e  h a s  b e e n  g i v e n  o f  t h e  p r e s e n t  
s i t u a t i o n  i n  m a r in e  t r a f f i c  e n g i n e e r i n g .  T h e  c o n c e p t  o f  a  s h i p  d o m a in  
h a s  b e e n  d i s c u s s e d  t o g e t h e r  w i t h  i t s  r e l e v a n c e  t o  t h e  w i d e r  t o p i c .  T h e  
n e x t  t w o  c h a p t e r s  a r e  c o n c e r n e d  w i t h  t h e  m e t h o d s  o f  d a t a  c o l l e c t i o n  a n d  
p r o c e s s i n g  u s e d  i n  t h e  s t u d y .  I n  C h a p t e r  5  p o s s i b l e  d e f i n i t i o n s  o f  
t h e  d o m a in  b o u n d a r y  a r e  d i s c u s s e d  a n d  u s i n g  t h e  m o s t  s u i t a b l e  d e f i n i t i o n  
r e s u l t s  w i t h  d i f f e r e n t  v a r i a b l e s  a r e  g i v e n  i n  C h a p t e r  6 .  T h e  f i n a l  
c h a p t e r  c o n s i d e r s  a p p l i c a t i o n s  o f  t h e  r e s u l t s  t o  c e r t a i n  p r o b l e m s ,  a n d  
s o m e  p o s s i b l e  e x t e n s i o n s  o f  t h e  p r o j e c t .
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C H A P T E R  3
T h e  C o l l e c t i o n  o f  D a t a
S O U R C E S  O F  D A T A
T h e  t w o  m a in  s o u r c e s  o f  d a t a  f o r  t h i s  s t u d y  w e r e
1 ,  R e c o r d s  o f  t h e  p e r f o r m a n c e  o f  s h i p s '  o f f i c e r s  i n  e x e r c i s e s  i n  
c o l l i s i o n  a v o id a n c e  o n  a  m a r i n e  r a d a r  s i m u l a t o r ,
2 .  T r a f f i c  s u r v e y s  c o n d u c t e d  i n  a n  a r e a  o f  t h e  s o u t h e r n  N o r t h  S e a .
S i n c e  o n e  o f  t h e  e v e n t u a l  a im s  o f  t h e  s t u d y  w a s  t o  c o n s i d e r  t h e  
d e p e n d e n c e  o f  a  s h i p  d o m a in  o n  t h e  v a r i o u s  f a c t o r s  o u t l i n e d  i n  t h e  
p r e v i o u s  c h a p t e r  i t  w a s  n e c e s s a r y  t o  b e  a b l e  t o  m e a s u r e  t h e s e  v a r i a b l e s  
a s  w e l l  a s  r e c o r d i n g  s h i p  m o v e m e n t s .  T h u s  w i t h  t h i s  c o n s i d e r a t i o n ,  i t  
w a s  d e c id e d  t o  u s e  i n f o r m a t i o n  o n  t h e  b e h a v i o u r  o f  s h i p s '  o f f i c e r s  i n  
c o l l i s i o n  a v o id a n c e  e x e r c i s e s  o n  a  m a r i n e  r a d a r  s i m u l a t o r  a s  o n e  s o u r c e  
o f  d a t a .  H o w e v e r ,  i t  i s  e s s e n t i a l  t o  v a l i d a t e  r e s u l t s  f r o m  s i m u l a t e d  
s i t u a t i o n s  w i t h  s o m e  r e a l  l i f e  e x p e r i e n c e s  s o  a s  a  s e c o n d  s o u r c e  o f  
d a t a ,  s o m e  t r a f f i c  s u r v e y s  w e r e  c o n d u c t e d  i n  a n  a r e a  o f  t h e  s o u t h e r n  
N o r t h  S e a  c e n t r e d  o n  t h e  S u n k  l i g h t v e s s e l .
T h e  t w o  s o u r c e s  o f  d a t a  a r e  t r e a t e d  i n  p a r a l l e l  i n  t h i s  a n d  t h e  
f o l l o w i n g  c h a p t e r s .  T h e y  w i l l  b e  r e f e r r e d  t o  r e s p e c t i v e l y  f o r  b r e v i t y
a s
1 .  S i m u l a t o r  d a t a ;
2 .  S u n k  s u r v e y  d a t a .
T h e  p r e s e n t  c h a p t e r  w i l l  d e s c r i b e  t h e  c o l l e c t i o n  o f  p r i m a r y  d a t a ,  
a n d  i n  t h e  n e x t  c h a p t e r  t h e  m e t h o d s  o f  p r o c e s s i n g  t h e  p r i m a r y  d a t a  t o  
p r o d u c e  t h e  s e c o n d a r y  d a t a  f o r  t h e  a n a l y s e s  w i l l  b e  c o n s i d e r e d .  A  
d i s c u s s i o n  o f  t h e  i n a d e q u a c i e s  o f  t h e  d a t a  b o t h  i n h e r e n t  i n  i t  a n d  
a r i s i n g  i n  i t s  c o l l e c t i o n ,  w i l l  a l s o  b e  g i v e n  i n  t h e  n e x t  c h a p t e r .
A .  D A T A  F R O M  T H E  M A R IN E  R A D A R  S IM U L A T O R  
equipment
T h e  s i m u l a t o r  f r o m  w h ic h  t h e  r e c o r d s  w e r e  t a k e n  w a s  t h e  C i t y  o f  
L o n d o n  P o l y t e c h n i c ' s  S o l a r t r o n  r a d a r  s i m u l a t o r .  I t  i s  a  ' t h r e e  o w n  
s h i p '  s i m u l a t o r  c o n s i s t i n g  o f  t h r e e  s e p a r a t e  b o o t h s  e a c h  e q u ip p e d  w i t h  
a r a d a r  d i s p l a y  a n d  c o n t r o l s  b y  w h ic h  t h e  s t u d e n t ,  o r  g r o u p  o f  s t u d e n t s .
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c a n  a l t e r  t h e  s p e e d  a n d  c o u r s e  o f  t h e  s h i p  w h ic h  h e  i s  n a v i g a t i n g .
A n  a d d i t i o n a l  c o n t r o l  w h i c h  c a n  b e  p r e s e t  f o r  e a c h  o w n  s h i p  b y  t h e  
i n s t r u c t o r  a l l o w s  t h e  s p e e d  a n d  i n a n o e u v e r a b i l i t y  o f  a  s h i p  t o  b e  
a l t e r e d  t o  c o r r e s p o n d  t o  t h e  p a r t i c u l a r  t y p e  o f  s h i p  b e i n g  s i m u l a t e d .
T h e  i n s t r u c t o r  f r o m  h i s  m a s t e r  c o n s o l e  h a s  u p  t o  f o u r  m o v in g  
t a r g e t  s h i p s  a n d  o t h e r  s t a t i o n a r y  t a r g e t s  o v e r  w h ic h  h e  h a s  d i r e c t  
c o n t r o l .  H e  i s  a l s o  a b l e  t o  d e c id e  i n d e p e n d e n t l y  f o r  e a c h  o f  t h e  t h r e e  
b o o t h s  w h a t  s h o u l d  b e  s h o w n  o n  t h e i r  r a d a r  s c r e e n s .  T h u s  i n  s o m e  o f  
t h e  e x e r c i s e s  t h e  s t u d e n t s  d o  n o t  s e e  e a c h  o t h e r ’ s  s h i p  o n  t h e  s c r e e n ,  
o n l y  t h e  i n s t r u c t o r —c o n t r o l l e d  t a r g e t  s h i p s ,  b u t  i n  s o m e  o f  t h e m  t h e y  
s e e  t h e  t a r g e t  s h i p s  a n d  a d d i t i o n a l l y ,  t h e  o t h e r  s t u d e n t s  s h i p .  T h e  
i n s t r u c t o r ,  h o w e v e r ,  c a n  i n  a l l  e x e r c i s e s ,  m o n i t o r  t h e  h e a d in g  a n d  
s p e e d  o f  a l l  t h e  s t u d e n t s ’ s h i p s  a t  h i s  c o n s o l e .  T h e  p o s i t i o n s  o f  a l l  
t h e  s h i p s  i n  t h e  a r e a  m a y  b e  t a k e n  f r o m  d i g i t a l  v o l t m e t e r  r e a d i n g s  i n  
t h e  f o r m  o f  X ,  Y  c o - o r d i n a t e s .  T h i s  i s  a n  a c c u r a t e  m e t h o d  o f  r e c o r d i n g  
b u t  n e c e s s i t a t e s  t h e  p r e s e n c e  o f  a n  e x p e r i m e n t e r  t o  r e c o r d  t h e s e  t h r o u g h ­
o u t  t h e  e x e r c i s e ,  w h ic h  w o u ld  b e  a  v e r y  l e n g t h y  p r o c e s s .  T h e  s i m u l a t o r ,
h o w e v e r ,  i n c o r p o r a t e s  a  K e l v i n - H u g h e s  ’ p h o t o p l o t ’ d e v i c e ,  w h e r e b y  a  
f i l m e d  r e c o r d i n g  o f  t h e  w h o le  e x e r c i s e  i s  m a d e  a n d  t h e n  a  p r o j e c t i o n  o f  
t h e  p o s i t i o n s  o f  a l l  t h e  s h i p s  i n  t h e  p l a y i n g  a r e a  a t  s e l e c t e d  i n t e r v a l s  
c a n  b e  s h o w n .  A t  t h e  i n i t i a l  s t a g e s  o f  t h e  w o r k ,  a t t e m p t s  w e r e  m a d e  t o  
a n a l y s e  t h e  p r o g r e s s  o f  a n  e x e r c i s e  d i r e c t l y  f r o m  t h e  f i l m ;  h o w e v e r ,  
t h i s  p r o v e d  t o  b e  v e r y  t i m e - c o n s u m i n g  a s  t h e  f i l m s  w e r e  a n a l y s e d  s o m e  
t i m e  a f t e r  t h e  e x e r c i s e s  h a d  t a k e n  p l a c e ,  s o  t h a t  i r r e g u l a r i t i e s  w h ic h  
s o m e t im e s  o c c u r r e d  i n  t h e  f i l m i n g  p r o c e s s  w e r e  d i f f i c u l t  t o  t a k e  a c c o u n t  
o f .  T h e  m o s t  s a t i s f a c t o r y  m e t h o d  o f  r e c o r d i n g  t h e  e x e r c i s e  w a s  
t h e r e f o r e  f o u n d  t o  b e  t o  n o t e  a  t r a c i n g  o f  t h e  c o m p le t e  e x e r c i s e  f r o m  
s t a r t  t o  f i n i s h  i m m e d i a t e l y  a f t e r  i t  w a s  o v e r .
F u r t h e r  d e t a i l s  o n  t h e  s i m u l a t o r  p e r f o r m a n c e  a r e  c o n t a i n e d  i n  
A p p e n d ix  H I  p a g e  1 9 9 .
T H E  E X E R C I S E S
S h i p s ’ o f f i c e r s  a t  v a r y i n g  s t a g e s  o f  t h e i r  c a r e e r s  c o m e  t o  t h e  
P o l y t e c h n i c  f o r  a  w e e k ’ s  c o u r s e  i n  r a d a r  m e t h o d s  o f  n a v i g a t i o n .  T h e  
e x e r c i s e s  a r e  a l l  o n  c o l l i s i o n  a v o id a n c e  a n d  a r e  a s s u m e d  t o  t a k e  p la c e  
i n  f o g  w i t h  v i s i b i l i t y  o f  { n a u t i c a l  m i l e ,  s i n c e  t h i s  i s  a  t y p i c a l  
s i t u a t i o n  w h e n  a  n a v i g a t o r  m u s t  r e l y  o n  h i s  r a d a r  d i s p l a y  a n d  n o t  o n  
v i s u a l  o b s e r v a t i o n s .
-  2 7  -
F o r  e a c h  e x e r c i s e  t h e r e  a r e  u s u a l l y  t w o  s t u d e n t s  p e r  b o o t h ;  o n e  
o f  t h e m  h a s  r e s p o n s i b i l i t y  f o r  n a v i g a t i o n  a n d  t h e  o t h e r  i s  t h e r e  i n  a  
s u p p o r t i n g  r o l e .  I n  t h e  a n a l y s e s  o f  t h e  m o v e m e n t s  w i t h  r e s p e c t  t o  
e x p e r i e n c e ,  i t  i s  a l w a y s  t h e  e x p e r i e n c e  o f  t h e  s t u d e n t  a c t u a l l y  w i t h  
r e s p o n s i b i l i t y  f o r  n a v i g a t i n g  t h a t  i s  t a k e n  i n  t h i s  s t u d y .
A t  t h e  s t a r t  o f  t h e  c o u r s e  t h e  n a v i g a t i n g  s t u d e n t s  i n  a l l  t h r e e  
b o o t h s  a r e  p la c e d  i n  i n d e n t i c a l  s i t u a t i o n s  i n  i d e n t i c a l  s h i p s  i n  a n  
o p e n  o c e a n  a n d  t h e  t a s k  i s  t o  a v o i d  t h e  t a r g e t  s h i p  o r  s h i p s  c o n t r o l l e d  
b y  t h e  i n s t r u c t o r .  F o r  t h e s e  e a r l y  e x e r c i s e s  t h e  s t u d e n t  w i l l  o n l y  
s e e  t h e  e c h o e s  o f  t h e  t a r g e t  s h i p  o r  s h i p s  o n  h i s  o w n  s c r e e n .  A n  
i n i t i a l  s i t u a t i o n  f o r  o n e  o f  t h e  e x e r c i s e s  o f  t h i s  t y p e  i s  g i v e n  i n  
F i g .  3 . 1 .  T h e  s t u d e n t s  a l l  s t a r t  a t  p o i n t  A  o n  a  h e a d in g  o f  0 7 0  
i n  s h i p s  o f  1 0 , 0 0 0  g . r . t .  w i t h  a n  i n i t i a l  s p e e d  o f  8  k n o t s  b u t  a  f u l l  
s p e e d  o f  1 6  k n o t s .  T h e r e  a r e  t h r e e  t a r g e t  s h i p s  s t a r t i n g  s e p a r a t e l y  
f r o m  p o i n t s  B ,  C a n d  D  a n d  t h e  a r r o w s  d e n o t e  a n  h o u r ’ s  t r a c k  i f  t h e r e  
w e r e  n o  a l t e r a t i o n  o f  c o u r s e  a n d  s p e e d .  T h e  w a y  t h e  s i t u a t i o n  
d e v e lo p e d  f o r  o n e  s e t  o f  s t u d e n t s  i s  g i v e n  i n  F i g .  3 . 2  w h ic h  s h o w s  t h e  
p o s i t i o n s  o f  e a c h  o f  t h e  s h i p s  a t  s i x  m i n u t e  i n t e r v a l s  a f t e r  t h e  s t a r t  
o f  t h e  e x e r c i s e .  A l t h o u g h  t h e  b a s i c  a l t e r a t i o n  o f  c o u r s e  w a s  t h e  s a m e  
f o r  e a c h  s t u d e n t  t h e r e  i s  o b v i o u s l y  a  c o n s i d e r a b l e  a m o u n t  o f  v a r i a t i o n  
i n  t h e i r  a t t i t u d e s  t o  t h e  t h r e a t s  o f  t h e  t a r g e t  s h i p s  a s  t h e  t i m i n g s  
o f  t h e  a l t e r a t i o n s  a n d  t h e  s p e e d s  t h r o u g h o u t  t h e  e x e r c i s e  w e r e  v e r y
d i f f e r e n t .
I n  t h e  l a t e r  e x e r c i s e s ,  t h e  s t u d e n t s  h a v e  a  c h o ic e  o f  t h e  t y p e  o f  
s h i p  t h e y  w a n t  t o  m a n o e u v r e  a n d  t h e i r  t a s k  i s  t o  n a v i g a t e  t h r o u g h  a n  
a r e a  s u c h  a s  t h e  S t r a i t  o f  G i b r a l t a r  o r  t h e  D o v e r  S t r a i t .  I n  t h e s e  
e x e r c i s e s  t h e  s t u d e n t  w i l l  s e e  o n  h i s  r a d a r  s c r e e n  t h e  e c h o e s  o f  t h e  
s h i p s  c o n t r o l l e d  b y  t h e  o t h e r  s t u d e n t s  a s  w e l l  a s  t h o s e  c o n t r o l l e d  b y  
t h e  i n s t r u c t o r .  D u r i n g  t h e  e x e r c i s e  t h e  s t u d e n t  k e e p s  a  r e c o r d  o f  h i s  
m a n o e u v r e s  a n d  h i s  r e a s o n s  f o r  a n y  a l t e r a t i o n  o f  c o u r s e  a n d  s p e e d  w h ic h  
a r e  u s e f u l  i n  l o o k i n g  a t  t h e  c o m p le t e d  t r a c e s  l a t e r .  F i g s .  3 . 3  a n d  
3 . 4  s h o w  a n  i n i t i a l  s i t u a t i o n  a n d  t h e n  i t s  d e v e lo p m e n t  o n  o n e  o c c a s io n  
f o r  a n  e x e r c i s e  i n  t h e  S t r a i t  o f  G i b r a l t a r .  T h e  d e s t i n a t i o n s ,  i n i t i a l  
h e a d i n g s  a n d  i n i t i a l  s p e e d s  a r e  a l l  g iv e n  i n  F i g .  3 . 3 .  F o r  t h e  
p a r t i c u l a r  s e t  o f  s t u d e n t s  r e c o r d e d  i n  F i g .  3 . 4 ,  o w n  s h i p  1  w a s  o f  
2 0  0 0 0  g . r . t . ,  f u l l  s p e e d  o f  1 5  k n o t s  a n d  i n i t i a l  s p e e d  o f  7 . 5  k n o t s ;  
o w n  s h i p  2  w a s  o f  1 8 , 0 0 0  g . r . t . ,  f u l l  s p e e d  o f  1 6  k n o t s  a n d  i n i t i a l  
s p e e d  o f  8  k n o t s ,  a n d  o w n  s h i p  3  w a s  o f  2 0 , 0 0 0  g . r . t . ,  f u l l  s p e e d  o f  
2 2  k n o t s  a n d  i n i t i a l  s p e e d  o f  1 1  k n o t s .  T h e  u s e  o f  c h a n g e  o f  s p e e d
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FIG. 3.3 G i b r a l t a r  Strait; E x e r c i s e  10; I n i t i a l  S i t u a t i o n
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FIG. 3.A G i b r a l t a r  Strait; E x e r c i s e  10: one d evelopment
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Similarly, Figs. 3.5 and 3.6 depict an initial situation and its 
development on one occasion for a Dover Strait exercise. The Dover 
Strait exercises are generally the most complicated.









From these traces, illustrations of typical ship manoeuvres according 
to the collision regulations under these sorts of conditions, can be 
seen. For instance in Fig. 3.6, consideration of own ship 2 and 
target 2 shows that both altered to pass on the port side, whereas 
maintaining course and speed would have resulted in a passing on the 
starboard side. This same manoeuvre can be seen between ship 1 and
target 2.
The radar pictures for the coastal situations are very realistic 
as Fig, 3.7 shows. This is a typical picture at some point during a 
Dover Strait exercise.. Someof the echoes are the ships but others are 
the buoys and lightships in the vicinity. In particular the Kent 
coastline and Dover harbour are very prominent.
The diagrams of the initial situations of the other exercises 
analysed in this study are given in Appendix III. They are sub­
divided into the three basic types of situation outlined above; viz.
Open Ocean, Strait of Gibraltar and Dover Strait, examples of which 
have all been discussed above.
Figs. 3.2, 3.4 and 3.6 are all drawn on a scale of representing 
1 nautical mile and are half-scale representations of the actual tracings 
of the exercises. The tracings were all made on a scale of 1 inch 
representing 1 nautical mile onto rolls of transparent cellophane paper.
MEASUREMENT OF THE VARIABLEj^
The tracings described above provided the raw data from which 
information on the ships* movements and speeds conld be obtained. The 
n^thods of doing this are considered in the next chapter. Tor each
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exercise, a record was kept of the size of each own ship in gross 
registered tons and the maximum speed in knots the ship was capable of. 
Records were also available of the date of birth of the students 
participating in the courses. A rough estimate to the nearest year 
of the sea-experience of each student could therefore be made, assuming 
that the age of starting sea training was 17. It was therefore 
possible to relate the experience of the navigating officer to the 
other information on each own ship.
Since the target ships are controlled by instructors who con­
tinually repeat the same collision avoidance situations, it was felt 
that the movements of the target ships themselves should not be 
analysed. They are obviously considered indirectly, however, as their 
movements affect the movements of the o\\m ships. Thus the variables 
just mentioned, such as experience of the navigator, and the size and 
maximum speed of the ship were not recorded for the target ships.
THE TOTAL SAMPLE
In all, plots of 70 exercises were taken to be analysed. Of these, 
43 were of open ocean exercises, 19 were of Gibraltar Strait exercises 
and 8 were of Dover Strait exercises. Since each exercise contains 
three own ships, then this should, in theory, have produced information 
on 210 own ships in all. However, the total was actually 207 as 3 
could not be analysed. More detailed information on the make-up of 
the sample by type of exercise is given in Appendix III . The 
distribution of the length of sea-experience of the 207 officers is
given in Table 3.1.
Length of Experience (years) Number of Officers
8 years and under 30
9 - 1 1  years 55
12 - 14 years 12
15 - 19 years 22
20 - 26 years 29
27 years and over 45
Not known* 14
TOTAL 207
* Notes (see p.320 ) 
TABLE 3.1 Distribution of the Length of Sea Experience of the Ships' Officers in the Simulator Exercis
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The range of sea-experience was from 6 years to 41 years. The 
attendance at a radar simulator course is an essential preliminary 
to obtaining a D.T.I. Master’s certificate which partly explains the 
large numbers in the younger age groups. An additional explanation is that 
the parent population of all Merchant Navy Officers shows a similar 
skewness due to heavy wastage from the industry. For the
older officers the course is more of a refresher nature and many of 
these officers will have attended similar radar simulator courses on 
a previous occasion. The experience of groupings shown in Table 3.1 
were chosen so that the midpoints of each class would be representative 
of the class and could be used in subsequent analyses. They were 
either natural cluster points or if the experiences were evenly spread 
over a range, they were the midpoints of that range. The final 
category of not known included one person who was lecturing at a 
nautical school in Germany and a second who was a nautical advisor to 
the Australian government. As they were both in shore jobs it was felt 
that they should be treated separately as regards sea-experience.
It should also be pointed out that since this table refers to the 
number of own ships, the experience of any one person will be 
represented in the table as many times as that person performed an 
exercise that was analysed. Thus the figure 14 under not known 
contains 6 own ships for which the records were not available and 8 own 
ships controlled by either of the 2 subjects mentioned above.
Table 3.2 shows the distribution of the size of ship by gross 
registered tonnage for the own ships in the exercises.
Gross Tonnage Number of Ships
4,000 g.r.t. and under 17
5,000 -9,000 g.r.t. 9
10,000 g.r.t.* 131
11,000 - 18,000 g.r.t. 14
20,000 - 45,000 g.r.t. 16
50,000 -100,000 g.r.t. 16
Not known 4
TOTAL 207
* Notes (see p. 320)
TABLE 3.2 Distribution of the Gross Tonnage of the Own Ships in the Simulator Exercises
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B. data fr o m the marine traffic surveys
The marine traffic surveys were carried out on board the M.V. Sir 
John Cass*, the research vessel of the School of Navigation at the City 
of London Polytechnic. The 'Sir John Cass' is a 154 ton ship of 
100 feet in length and is mainly used in the River Thanes for radar 
training. She is, however, equipped for oceanographic research and at 
various intervals during the summer she is made available for research 
projects for periods of up to one week. There arc three radar screens 
on board for teaching purposes, so it is possible to use one for a 
survey without hindering the navigation of the ship in any way.
THE SURVEY AREA
The area in which Che surveys were conducted is in Che North Sea 
about 12 miles from Harwich and centred on Che Sunk lightvessel there.
Fig.. 3.8 is a sketch map of part of the East Coast and shows the position 
of the Sunk lightvessel with respect to the main coastal towns in the 
vicinity. The London District pilot vessel cruises near the light vessel 
and ships travelling to and from the Thames Estuary have to take on or 
drop a pilot at this point. These will include ships of all types on 
routes between the Th.imes ports and Che Northern European ports and also 
very large ships approaching from the English Channel for which the 
Edinburgh channels in the south of the estuary are not deep enough.
There is also traffic going into and out of Harwich and Felixstowe 
passing through this area and other traffic travelling along the East - 
coast. The survey area covers an intersection of routes from East coast 
ports to North-West Europe and the English Channel and thus has a high 
traffic density, with traffic converging from all.directions.
Fig. 3.9. is a large scale sketch map of the exact area covered in 
the surveys. The positions of the buoys and other fixed objects in Che 
area are marked. Apart from the Sunk lightvessel, the other obvious 
feature was one of the old wartime forts known as the Roughs Tower.
Figsj;lL17 and IlLia in Appendix III are reproductions of the navigational
charts from which the two sketch maps given here have been taken. By 
reference to them it is possible to get some idea of the sort of 
navigational area the survey area represents. The approach to Harwich 
and Felixstowe is along a buoyed channel, which c^n be seen in F g. . . 
so it is possible to consider movements in such a channel as we as 
under open sea conditions. Another interesting feature of the area is 




each survey of several fishing boats. Thus data could be obtained on 
the behaviour of other vessels towards fishing vessels. It was felt 
however, that the actions of a British fisheries protection vessel on 
one survey in 1972, ensuring that the Belgian trawlers did not stray over 
the existing 12 mile coastal boundary could not be included in the same 
way as other ships!
It is thus apparent that the survey area was a very suitable one 
both in its variety and the nature of the traffic. It was also a very 
practical area in terms of time and cost. It could be reached easily 
from London, so that work could start on a Saturday afternoon having left 
London on Friday evening with an overnight stop at Sheerness. If bad 
weather blew up, as it did frequently, Harwich was nearby for shelter. 
Additionally it was an area which was being studied geologically by other 
members of the Polytechnic so it was possible to combine two research 
projects without extra expense. As a source of validating data for the 
results from the simulator it would have been better if the survey area 
could have been the same as one of the simulated areas. However, it is 
still possible to compare the results to a large extent so this is not a 
very important drawback. It is hoped at a later stage that it may be 
possible to apply the ideas developed in the thesis to study different 
areas.
THE SURVEY METHOD
The basic method used in the survey was to photograph a 3 cm 
(wavelength) marine radar display every three minutes for as long a period 
as possible. The films were then projected at a later date and the 
tracks of the ships through the area plotted.
THE RADAR
The radar used was a Marconi Radio-Locator 16. Some technical 
details on it are given in Appendix III. To eliminate external light a 
radar hood was secured over the screen and a wooden cradle was fixed at 
the top of this to hold the camera allowing room only for the camera lens. 
A picture of this structure is given in Appendix III ,
PHOTOGRAPHY
A Praktica single lens reflex camera with a 50 mm lens was used 
loaded with a 35 mm, 36 exposure black and white film. A fairly slow 




Fig. 3.10 is a typical example of the type of photograph produced.
The light setting on the camera was f5.6 and the exposure time was 6 
seconds, during which time the radar completes nearly 3 scans. It was 
hoped that by taking more than one revolution of the scanner some of the 
interference effects would be reduced. The interference consists of a 
pattern of very bright dots over the whole of the screen but it does not 
repeat in the same position on successive sweeps. It is caused by 
other radars in the vicinity operating at conflicting frequencies. The 
actual form that the interference from one particular radar takes 
depends on the difference between the operating frequencies: the closer 
together, the more regular the pattern; the further apart, the more 
random it becomes. Thus a variety of interference patterns were 
observed, because of the number of ships and also because of a land 
station nearby. Although the interference was not removed, it can be 
seen in Fig. 3.10 that the echoes show up very strongly against it so it 
did not cause many problems when preparing the plots later.
The radar display was set on a 12 mile range to cover a reasonable 
sea area but with adequate discrimination between echoes. It was thus 
possible to distinguish between two ships whose nearest passing distance 
was under 1 cable (.1 nautical mile).
During the first survey photography went on both while the ship was 
cruising in the area and while it was at anchor. However, the subsequent 
plotting was very much easier using the results from the period when the 
ship was at anchor so for the later surveys, observations were only made 
when the ship was stationary. Apart from the plotting advantages of 
keeping the frame of reference constant, this also meant that moving 
targets were very easy to distinguish. In Fig. 3.10 the tadpole-like 
echoes are all moving ships, the tail being caused by the afterglow on 
the screen known as the ’trail'. The trail indicates relative movement 
with respect to the survey ship and if she is moving then the buoys and 
other fixed objects will also have trails if relative motion is shown on 
the P.P.I. The trails were particularly noticeable throughout the survey 
pictures because of the long exposure per picture and the relatively large 
range scale of 12 miles.
One frame was used every 3 minutes throughout the later surveys since 
it was found that a 6 minute interval used in the first survey made it 
more difficult to follow particular ships from frame to frame especially
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when there were several in one area simultaneously. Additionally if 
one frame was spoilt with a three minute interval, then the tracks could 
still be picked up but with a six minute interval this became very difficult. 
To identify individual frames in a roll the bearing marker was turned 
through 10° each frame. Thus in Fig. 3.10, where the bearing marker 
(the thin white line) is at 210°, this photograph was no. 21 in the par­
ticular roll. This was a very useful feature when plotting at a later date,
IDENTIFICATION OF SHIPS
During each survey, notes were kept of any ships which were observed 
from the ’Sir John Cass' and also of any irregularities in the photography. 
These again proved useful in the plotting stages. Identification of 
ships was however not very easy at the time as few ships came close enough 
for the names to be read. It is also very difficult to deduce anything 
about the size of ship from the size of its echo painted on the P.P.I. 
display. The aspect of a ship with respect to the scanner will obviously 
affect it so that a large ship head-on can appear smaller than a small 
ship beam-on. In any case there is distortion so that there is no simple 
relationship between the size of echo and the size of ship. Some types 
of ship could however be identified by their movements on the display.
Thus the pilot vessel was always easy to identify and similarly fishing 
vessels could be spotted by their seemingly random paths.
Identification of many of the vessels was made possible at a later 
stage with the help of the Harwich pilot station. Records were available 
there of the movements of pilots both from the Sunk pilot vessel and the 
Cork pilot vessel which provides the pilots for ships entering Harwich.
The records were kept for embarkation and disembarkation of pilots and 
included the name of the ship and the time at which the transfer occurred.
Before continuing with the discussion of the survey methods, it is 
worth considering Fig. 3.10 again from the question of identification of 
targets. This photograph was taken at 00.30 on 21 May 1972, the time of 
the first survey. The ’Sir John Cass’ was anchored about 2 miles due 
west of the Sunk lightvessel which is the lower of the two echoes in the 
centre of the picture. To the north-west roughly of the ’Sir John Cass’ 
the pattern of three echoes is the Rough’s Tower and its two flanking 
buoys. The pilot vessel is SSE of the survey ship exactly 2 miles distant 
and at that instant there are several ships converging for pilots. The 
small echoes to the east of the Sunk lightvessel are fishing boats just 
about on the 12 mile coastal limit.
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PLOTTING OF SHIPS* TRACKS
By projection of successive shots, traces can then be made of the 
movements of the ships during the period. The films were developed into 
film strips of negatives and these were projected onto large sheets of 
white paper. The stationary objects provided a frame of reference for 
lining up successive pictures. A scale of 5 cm to 1 nautical mile was 
used which produced a reasonably good level of definition. It was, 
however, essential to keep the projector firmly fixed to maintain the 
scale. Fig, 3.11 shows a typical series of traces obtained from 04,51 
to 05.51 on 3.7.72, the date of the second survey. An hour's movements 
was found to be the most convenient per sheet, otherwise the plots became 
too complicated, but for continuity the final frame in each hour was 
projected again as the first frame in the subsequent hour. A colour 
code was used to identify each separate point in time but for clarity 
in this diagram only the six minute interval points have been shown.
The diagram illustrates well the intersection of routes through the area.
DIFFICULTIES IN USING RADAR PHOTOGRAPHS
Although a critical discussion will be given at the end of the next 
chapter (p. 78) on the traffic surveys as a source of data for the 
particular project in question, it is worth considering briefly at this 
stage some of the practical problems which can arise generally in the use 
of radar but which therefore made the preparation of plots more difficult 
in this case.




Very occasionally examples of two further phenomena were seen viz:-
4. Multiple Echoes.
5. False or indirect echoes.
Of these, radar interference patterns were nearly always present as has 
already been discussed (p. 44). In general it did not present many 
problems as it was reasonably recognisable. Even if on an initial frame 
there was some doubt, since the interference patterns are random the 











Side-lobing is an effect whereby the edges of a target are drawn 
out in an arc of a circle on both sides of the true echo. The main 
problems which it presents are firstly, to plot the exact position of 
the target and secondly, it may conceal another target. However, as 
this effect is most likely at close ranges there will be information 
from the frames immediately adjacent to help resolve the two problems.
The third major interference phenomenon was sea clutter which 
arises when the sea is rather rough and takes the form of small white 
dots often obscuring the centre of the radar screen. This proved to 
be one of the most difficult problems as the positions of ships when 
passing through the clutter could not always be precisely determined,
A further discussion on these aspects is given in Appendix III 
together with examples of their occurrence during the Surveys,
OTHER MARINE SURVEY METHODS
Having described the particular survey methods used in this project, 
they should be compared with methods used in some other surveys where 
information was required on ship movements.
Various surveys have been conducted in Japan and the most common
method has been to photograph a 3 cm marine radar display every minute
(26)(or half-minute) with a specially designed 16 mm cine camera 
Fujii and Tanaka (1971)^^^^ describe a method called a Programmed Radar 
Photograph method whereby six frames of 35 mm film are exposed every 
minute by an electrically operated camera. Photographs are then 
produced showing the wake lines of the ships omitting some of the shots 
to give the direction of them.
The National Physical Laboratory have been making a continuous 
photographic recording of the traffic in the Dover Strait by filming a 
3 cm radar display with an offset range of 16 miles based at the coast­
guard station at St, Margaret’s Bay, This too has been done using a 
16 mm cine camera exposing one frame automatically every minute.
It was felt that for the purposes of this project the more costly 
procedures mentioned above were not justified. For the analyses which 
will be described later it was decided that, for any one ship positions 
should only be taken at six minute intervals (see p, 78), The density 
of traffic was such that a three minute interval was sufficient to
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trace ships easily so additional information was not absolutely 
necessary. By preparing the plots at a later stage it was also 
relatively simple to recognize the positions of all the ships in an 
area at a given point in time as well as keeping the movement of any 
one particular ship clear.
Another survey which has recently been conducted in the Hook of 
Holland Roads, and is to date unpublished, has used a different method 
of collecting the radar observations. It was conducted by the Dutch 
Directorate of Pilotage and has records of ship movements plotted 
directly as they occur from the radar screen. It is obviously impossible 
to record the position of each ship at any point in time so only changes 
in course are marked together with the time at which this happened. This 
has the advantage that any irregularities can hopefully be sorted out at 
the time but the disadvantage that if anything is missed one cannot go 
back in time.
It is hoped that data from both the NPL Survey and the Dutch pilots 
Survey will be made available for one of the projects envisaged as an 
extension of this current work. Apart from extending the validity of 
the results to different areas, it will also provide a useful means of 
comparing the reliability of different methods.
THE SURVEYS
I I I  all data from three separate surveys held in the area around the 
Sunk lightvessel have been analysed. The first survey took place from 
Saturday 20 May 1972 - Sunday 21 May 1972; the second from Sunday 2 July 
1972 - Monday 3 July 1972 and the third from Wednesday 5 July 1972 - 
Thursday 6 July 1972. A comparison of the three surveys is given in 
Table 3.4 and shows the duration of each survey, the number of ships whose 
movements were recorded during the survey, the number of six minute 
intervals recorded, the weather conditions prevailing and the position of 
the 'Sir John Cass’ with respect to the Sunk light vessel. These positions 
are marked on Fig. 3.9, which is the sketch map of the survey area and 
gives an idea of the relation of the survey ship to the buoys and other
objects in the area.
The visibility was more or less the same for each of the surveys but 
the start of the second survey was made at the tail end of a gale. The 
wind had already moderated considerably by the start and continued to do 
so throughout the night. However, this plus the fact of it being Sunday
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probably accounts for the relatively smaller number of ships whose 
movements were recorded during this survey. It should be mentioned, 
while considering the weather, that survey work became rather 
uncomfortable if the wind force were above about force 5. There is 
only limited shelter from a south-westerly direction at this point so 
with the wind from any other direction it is rather exposed and the 
’Sir John Cass' is a fairly shallow draught vessel being intended for 
work on the River Thames. Thus the survey work was best carried out in 
reasonably quiet conditions.
The number of six-minute intervals recorded refers to the number of 
times photographs were available to record the position of ships at each 
end of a six minute gap. In each survey some photographs were lost for 
a variety of reasons, such as the film breaking in the camera or the time 
release button failing to work efficiently. Thus the figures for the 
number of six-minute intervals recorded and the duration of the survey 
are not reconcilable for each survey. More details on the loss of 
photographs are given in Appendix III.
The number of ships recorded refers to the number whose tracks were 
plotted during the surveys and includes in each case the pilot vessel 
but excludes the 'Sir John Cass'. Table 3.5 gives a break-down of the 
number of ships per survey by gross registered tonnage for those that 
were fully identified and by type only for those that could be identified 
on that basis alone. As was mentioned earlier (p.A5 ), fishing boats 
and the pilot boat could be identified by their movements on the screen.
The relief pilot boat was also easy to distinguish on its journey from 
Harwich. The ferrys could often be identified by their distinctive shape 
and colours, e.g. the Sealink ferrys, but they were not usually close 
enough for the names to be read and as they were frequent users of Harwich, 
many of the masters had pilot licences so did not require a pilot in 
addition. Whenever a ferry has been completely identified it is 
included in the top half of the table and not with those identified by
type alone.
The data on gross registered tonnage was obtained from Lloyds 
Register of Shipping for 1972^^^^ for those ships whose names were known 
from the pilotage records. The table is given in the same^sub-divisions 
as in the statistical tables published annually by Lloyds . A 
comparison between the size distribution observed in the Sunk surveys and
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NUMBER OF SHIPS FULLY IDENTIFIED
Size of Ship Survey Survey Survey All
Gross Registered Tonnage 1 2 3 iSurveys
100 - 499 6 15 9 30
500 - 999 1 2 3 6
1000 - 1999 0 3 6 9
2000 - 3999 1 6 6 13
4000 - 5999 0 3 2 5
6000 - 6999 3 1 1 5
7000 - 7999 0 0 1 1
. 8000 - 9999 0 2 2 4
10000 and over 4 6 5 15
Total number of Ships 
Fully Identified 15 38 35 88
NUMBER OF SHIPS IDENTIFIED BY TYPE ONLY
Type of Ship Survey
Survey Survey All
1 2 3 Surveys
2 4 6 12Ferry
1 Fishing Boat 8 5 3 16
1 4 0 5Yacht
Pilot Boat 1 1 1 3
Relief Pilot Boat 1 2 0 3X
1 Total Number of Ships 
Identified by Type Only 13 16 10 39
1 Total Number of Ships 
Identified Fully or by 28 54 45 127
1
1 Total Number of Ships 70 137 103
310
Notes (see p.320)
TABLE 3.5 u rtf «ihins Fully Identified by Size (Gross "rirterfd ToLage) and Identified by Type Only 




that known worldwide is given in Appendix III. It is shown that there 
is a larger percentage of bigger ships in the Sunk surveys than world-wide,
(23)i'ujii and Tanaka consider the length of a vessel to be connected
to the size of the domain so in addition to the distribution by gross 
tonnage for the ships identified, a distribution by length was also 
prepared. For each ship, its length between perpendiculars was found 
from Lloyds Register of Shipping and the resulting distribution is given 
in Table
The two longest ships were a 37000 ton Norwegian bulk carrier of 
length 772 ft. and a 41000 ton Norwegian tanker of length 760 ft. while 
the smallest ship both in length and tonnage was a 210 ton West German 
cargo ship of length 138 ft.
The identification rate for all the surveys combined was 28%, with 
individual rates of 21% for survey 1, 28% for survey 2 and 34% for 
survey 3. Performing a test of homogeneity a value of 3.28 is 
obtained which when compared with the 5% v-^ lue on 2 degrees of freedom 
of 5.99 shows this is a non-significant result. Hence it may be assumed 
that these individual rates are not significantly different from each 
other.
If the figures for ships identified by type alone are included, the 
identification rate goes up to 41% for all surveys, with 40% for survey 1, 
39% for survey 2 and 44% for survey 3. There is again no significant 
difference between the rates per survey.
OTHER SOURCES OF DATA
Apart from the sets of data described in this chapter, other data 
have been collected during the project but as they have not been fully 
analysed to date for inclusion in the later chapters of this thesis, they 
will only be briefly mentioned here.
Further Sunk Surveys
Two further Sunk surveys of the type described above were carried out 
in 1973, one of nineteen and a half hours duration on 31 March - 1 April, 
and the second of thirty hours duration on 23 - 24 June. One change in 
technique was to use a wide angle 35 mm lens which increased the coverage 
of the screen from 20 miles x 14 miles to 24 miles x 18 miles. An example
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100 but under 200 5 13 7 25
200 " I t 300 2 6 12 20
300 " II 400 1 9 9 19
400 " II 500 5 4 1 10
500 •’ II 600 0 5 6 11
600 " II 700 1 0 0 1
700 " II 800 1 1 0 2
Total Number of Ships
Fully Identified 15 38 35 88
Total Number of Ships 70 137 103 310
Notes (see p,321)
TABLE 3.6 Number of Ships Fully Identified by Length Between 
Perpendiculars (in feet) and by Survey, Sunk Surveys
I
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from this survey is given in Appendix III where it can be seen that 
definition is still very good.
A third Sunk survey was conducted from 13 October - 14 October 1972 
on board the R.R.S. Discovery by kind invitation of the N.E.R.C. She 
was engaged in oceonographic survey work in the area around the sunk 
lightvessel for that weekend; however as the ship was not stationary 
during the photographic survey, the frames were very much more difficult 
to analyse. It was therefore decided to leave analysis of this and the 
other two surveys until after the methodology for determining a domain 
boundary had been established in this thesis.
■i'
I
Dover Strait Survey Data
The survey, conducted under the auspices of the National Physical 
Laboratory, of traffic in the Dover Strait has already been mentioned in 
terms of the survey method used (p. 48), Film from that survey was 
made available for this project and the tracks of ship movements were 
plotted covering a period of several hours. Fig.3.12 shows the movements 
recorded in a typical half-hour during the period, and in particular the 
separation zones are very clear. Unfortunately, since the film was made 
with a radar range of 24 miles, the definition obtained was not very 
good. It was also not possible to increase the projected size of the 
film since a special piece of equipment had to be used to run the film 
frame by frame. Fig. 3.12 is reproduced in the original scale on which 
tracings were made. It was again felt that it was better to devote time 
to the establishment of methodology, but as was mentioned earlier, it is 
hoped to analyse some of this data later. It is understood that film is 
now being produced on a 12 mile range scale so this should provide 
adequate definition and will be a considerable help.
SUMMARY
In this chapter the methods of obtaining the primary data for the 
survey have been described. The two principal sources for the data were 
firstly the records of the performance of Merchant Navy officers in 
exercises on a marine radar simulator and secondly, traffic surveys 
conducted in an area of the North Sea centred on the Sunk lightvessel. 
Descriptions of the primary data were given and for the traffic surveys the 
methodology was compared to that used in other surveys. However, a 
detailed discussion of the suitability of the two sources of data will be 
given in the next chapter after the methods of production of the secondary 




The Processing of the Data
INTRODUCTION
The previous chapter was concerned with the primary data obtained 
whereas this chapter deals with the secondary data needed as inputs 
for the subsequent analyses. Since it is required to perform the 
same type of analysis on each of the two sets of data, simulator and 
Sunk survey, the required form of the secondary data will be the same in 
each instance. The first part of the chapter therefore contains a 
description of this common format needed in both cases. The two sub­
sequent sections deal with the particular methods used in each instance 
to reach the desired form. The final part of the chapter contains a 
discussion of the suitability of each of the two sets of data produced 
for the analyses to be carried out.
THE REQUIRED FORM FOR THE SECONDARY DATA 
FROM THE SIMULATOR AND SUNK SURVEY PRIMARY DATA
To investigate the size and shape of a ship domain from the raw 
data on ship movements obtained by the methods described in the previous 
chapter, the behaviour of ships relative to each other must be examined.
For any one ship, the distance and relative bearing of all other 
ships in its vicinity at any given time can be ascertained. Thus the 
distribution of the other ships around the central ship at that point in 
time can be plotted. If a second point in time is considered and the 
process repeated, then the superimposing of the second distribution on 
the first will provide a better picture of the typical distribution of 
other ships around the central ship at any point in time. If the process 
is repeated for many points in time the picture should become even better 
defined. In addition to considering one ship at several points in time, 
it is also possible to consider all the ships in a given area as the 
central ship in turn and superimpose the different distributions obtained. 
This way a picture can be built up representative of a variety of ships 
and times. Fig.4,1 gives a typical distribution obtained using some data 
from one of the traffic surveys. The line of reference for each central 
ship at any point in time is the direction of the ship's head then and 
the positions of the other ships are measured relative to that. The
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relative bearing of another ship is the angle 0, measured clockwise which 
the line joining the two ships makes with the reference line. The 
distance of another ship from the central ship, xMis the radial distance 
between the two.
Sector 1: 0° 0 < 112.5
Sector 2: 247.5° 0 < 360°
Sector 3; 112.5° .< 0 < 247.5
It can be seen in Fig,4.1 that there appears to be an area around 
the central ship which is relatively free from other ships and the next 
chapter will examine how to define the dimensions of this area. In the 
present chapter the methods used to process the data into a suitable 
form for analysis will be discussed.
In the section on ship domain geometry in a previous chapter (see 
page 17 ), it was suggested that the radius defining the domain boundary 
might be different in each of three sectors of the area around the central 
sector because of the international collision regulations. The three 
sectors can be defined in terms of 6, the bearing of the ’other' ship 




The three sectors are shown in Fig, 4.1, It should be mentioned that 
to be strictly in accordance with the collision regulations, the actual 
value of 112,5 should be included in Sector 3 rather than Sector 1. 
However, as the number of points that actually fell on a boundary line 
were very small indeed, this will not affect the results in any way.
The other parameter defining the relative position of the 'other' 
ship from the central ship is the distance between the twdy^.  ^ It v/as 
decided to consider the distances in range-increments of nautical
mile since this was the degree of accuracy justifiable with this data.
The secondary data needed for any analyses to find the radius of 
the domain boundary comprise the distribution of numbers of 'other* 
ships with respect to the distance from the central ship. As the 
sector difference is expected to be important, the distributions are 
produced separately for each sector.
Fig. 4.2 gives a larger scale version of the 'dartboard' grid 
which was shown superimposed on the distribution of ships around the
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c e n t r a l  s h i p  i n  F i g .  4 , 1 ,  I t  i s  t h u s  e v i d e n t  t h a t  t h e  d i s t r i b u t i o n s  
r e q u i r e d  c a n  b e  f o r m e d  b y  c o u n t i n g  t h e  n u m b e r  o f  p o i n t s  f a l l i n g  i n s i d e  
e a c h  o f  t h e  a p p r o p r i a t e  d i v i s i o n s  o n  t h e  * d a r t b o a r d ’ .
I n d e p e n d e n t  V a r i a b l e s
F o r  a n y  o n e  s h i p  a t  a  g i v e n  p o i n t  i n  t i m e ,  t h e  d i s t a n c e s  a n d  
r e l a t i v e  b e a r i n g s  o f  a l l  o t h e r  s h i p s  i n  t h e  v i c i n i t y  m u s t  b e  k n o w n  f o r  
t h e  b a s i c  a n a l y s e s  a s  j u s t  d i s c u s s e d .  H o w e v e r ,  a s  t h e  d e p e n d e n c e  o f  
t h e  s h i p  d o m a i n  o n  v a r i o u s  i n d e p e n d e n t  v a r i a b l e s  i s  a l s o  t o  b e  
i n v e s t i g a t e d ,  i t  m u s t  b e  p o s s i b l e  t o  a s s o c i a t e  t h e  r e l e v a n t  v a l u e  w i t h  
a n  i n d i v i d u a l  s h i p  a t  a  p o i n t  i n  t i m e .  I n  p a r t i c u l a r ,  s i n c e  r e l a t i v e  
v e l o c i t i e s  a r e  t h o u g h t  t o  h a v e  s o m e  c o n n e c t i o n  w i t h  d o m a i n  s i z e  t h i s  
m u s t  b e  c a l c u l a t e d  f o r  t h e  c e n t r a l  s h i p  w i t h  r e s p e c t  t o  e a c h  o f  t h e  
o t h e r  s h i p s  i n  t h e  v i c i n i t y  f o r  a  g i v e n  i n s t a n t .  O t h e r  v a r i a b l e s  s u c h  
a s  s i z e  o f  s h i p ,  e x p e r i e n c e  o f  n a v i g a t i n g  o f f i c e r ,  e t c . ,  w i l l  o b v i o u s l y  
s t a y  c o n s t a n t  f o r  o n e  s h i p  b u t  i t  i s  s t i l l  n e c e s s a r y  t o  a s s o c i a t e  a  
p a r t i c u l a r  d i s t a n c e  a n d  r e l a t i v e  b e a r i n g  w i t h  a  v a l u e  f o r  s i z e  o f  s h i p , e t c ,
T H E  C O M P U T E R
S i n c e  t h e  a m o u n t  o f  d a t a  a v a i l a b l e  w a s  o b v i o u s l y  c o n s i d e r a b l e  w i t h  
e a c h  s h i p  r e l a t e d  t o  e v e r y  o t h e r  o n e  i n  t h e  a r e a  a t  a  s e r i e s  o f  p o i n t s  i n  
t i m e ,  i t  w a s  e v i d e n t  t h a t  a  c o m p u t e r  s h o u l d  b e  u s e d  f o r  t h e  a n a l y s e s .
E v e n  t o  h a v e  p r o d u c e d  t h e  d i s t r i b u t i o n s  o f  n u m b e r s  o f  ' o t h e r '  s h i p s  w i t h  
r e s p e c t  t o  d i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  b y  s e c t o r  w o u l d  h a v e  b e e n  a  
l e n g t h y  p r o c e d u r e  b y  h a n d ,  a n d  s i n c e  r e l a t i v e  v e l o c i t i e s  h a d  t o  b e  
c a l c u l a t e d  i n  a d d i t i o n ,  t h e  t a s k  w a s  o b v i o u s l y  i m p r a c t i c a b l e  w i t h o u t  a  
c o m p u t e r .
T h e  C i t y  o f  L o n d o n  P o l y t e c h n i c  C o m p u t e r  C e n t r e  o f f e r e d ,  a t  t h e  t i m e  
t h a t  t h e  a n a l y s i s  w a s  c a r r i e d  o u t ,  a  c h o i c e  o f  c o n f u t i n g  f a c i l i t i e s .
S o m e  o f  t h i s  w o r k  w a s  d o n e  u s i n g  t h e  H e w l e t t - P a c k a r d  2 0 0 0  t i m e - s h a r i n g  
s e r v i c e s  b u t  t h e  s t o r a g e  f a c i l i t i e s  w e r e  n o t  r e a l l y  l a r g e  e n o u g h .  T h e  
m a j o r i t y  o f  w o r k  w a s  t h e r e f o r e  d o n e  o n  a n  I C L  1 9 0 5  m a c h i n e ,  a n d  t h e  
p r o g r a m s  w e r e  w r i t t e n  i n  1 9 0 0  F o r t r a n .
T h e  n e x t  s e c t i o n s  o f  t h i s  c h a p t e r  w i l l  d e a l  w i t h  t h e  p r e p a r a t i o n  o f  
t h e  c o m p u t e r  r e c o r d s  a n d  t h e  b a s i c  p r o g r a m s  u s e d .  H o w e v e r ,  a s  t h e  
r e c o r d s  w e r e  p r e p a r e d  i n  a  d i f f e r e n t  w a y  f o r  t h e  t w o  s e t s  o f  p r i m a r y  
d a t a ,  s i m u l a t o r  a n d  S u n k  s u r v e y  ,  t h e y  m u s t  a g a i n  b e  c o n s i d e r e d  s e p a r a t e l y ,
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S I M U L A T O R  D A T A :  C O M P U T E R  R E C O R D S
T h e  r e c o r d s  w e r e  p r e p a r e d  b y  e x e r c i s e ,  s o  t h a t  o n e  c o m p l e t e  s e t  
c o n t a i n e d  a l l  t h e  i n f o r m a t i o n  o n  a n  e x e r c i s e ,
P R E L I M I N A R Y  W O R K
A  c e r t a i n  a m o u n t  o f  w o r k  w a s  i n i t i a l l y  d o n e  b y  h a n d  o n  t h e  s i m u l a t o r  
d a t a .  U s i n g  t h e  t r a c i n g  o f  a n  e x e r c i s e ,  e a c h  o w n  s h i p  w a s  c o n s i d e r e d  
i n  t u r n  a n d  t h e  d i s t a n c e  a n d  r e l a t i v e  b e a r i n g  o f  t h e  o t h e r  o w n  s h i p s  
a n d  t h e  t a r g e t  s h i p s  w e r e  n ^ a s u r e d .  S i x  m i n u t e  i n t e r v a l s  w e r e  c h o s e n  
a t  w h i c h  t o  m a k e  t h e  m e a s u r e m e n t s ,  a s  t h e  p a t t e r n  o f  r e l a t i v e  m a n o e u v r e s  
i s  i m p o r t a n t  a n d  t o  h a v e  t a k e n  f e w e r  m e a s u r e m e n t s  m i g h t  n o t  s h o w  t h i s  u p .  
H o w e v e r ,  o n  t h e  o t h e r  h a n d ,  t h e  m e a s u r e m e n t s  s h o u l d  n o t  b e  t o o  c l o s e  
t o g e t h e r  o t h e r w i s e  t o o  m u c h  e m p h a s i s  m i g h t  b e  g i v e n  t o  i n d i v i d u a l  
e x t r e m e  e n c o u n t e r s .  T h e  c h o i c e  o f  t i m e  i n t e r v a l  i s  c o n s i d e r e d  a g a i n  
o n  p , 7 8  w h e n  a  c r i t i c a l  d i s c u s s i o n  o f  t h e  d a t a  i s  g i v e n .
W i t h  r e f e r e n c e  t o  F i g .  A . 3 ,  w h i c h  s h o w s  t h e  p l o t s  f o r  o n e  d e v e l o p ­
m e n t  o f  E x e r c i s e  1 9 ,  a n  e x e r c i s e  i n  t h e  D o v e r  S t r a i t ,  9  t i m e  p o i n t s  w e r e  
t a k e n  s i n c e  t h e  e x e r c i s e  r a n  f o r  A 8  m i n u t e s .  T h e  d i s t a n c e  b e t w e e n  t w o  
s h i p s  c o u l d  b e  m e a s u r e d  d i r e c t l y ,  b u t  t o  m e a s u r e  t h e  r e l a t i v e  b e a r i n g  o f  
o n e  s h i p  f r o m  t h e  c e n t r a l  s h i p ,  t h e  h e a d i n g  o f  t h e  c e n t r a l  s h i p  a l s o  h a d  
t o  b e  a s c e r t a i n e d .  T h i s  w a s  r e q u i r e d  a d d i t i o n a l l y  f o r  t h e  c a l c u l a t i o n  
o f  r e l a t i v e  v e l o c i t y .  S p e e d s  w e r e  a l s o  n e e d e d  f o r  t h i s  s o  f o r  a l l  t h e  
s h i p s  i n  t h e  s i t u a t i o n  t h i s  h a d  t o  b e  e s t i m a t e d  a t  e a c h  o f  t h e  t i m e  
p o i n t s .  T h i s  w a s  d o n e  i n  c o n j u n c t i o n  w i t h  t h e  n o t e s  w h i c h  t h e  s t u d e n t s  
k e p t  a s  a l t e r a t i o n s  o f  s p e e d  a n d  c o u r s e  w e r e  a s k e d  f o r .  I f  t h e r e  w e r e  
n o  c h a n g e  o f  s p e e d  a n d  c o u r s e ,  a p p a r e n t  o r  s t a t e d ,  t h e  s p e e d  c o u l d  b e  
e s t i m a t e d  f r o m  t h e  d i s t a n c e  t r a v e l l e d  o v e r  a s  l o n g  a  t i m e  i n t e r v a l  a s  
p o s s i b l e  a r o u n d  t h e  p o i n t  i n  q u e s t i o n .  I f  t h e r e  w e r e  a  c h a n g e  t h e n  t h e  
s p e e d  a t  a  g i v e n  p o i n t  i n  t i m e  w a s  e s t i m a t e d  b y  t h e  d i s t a n c e  t r a v e l l e d  
i n  t h e  n e x t  6  m i n u t e  i n t e r v a l  x  1 0 ,  A n  e x a m p l e  o f  t h e  n o t e s  k e p t  b y  
t h e  n a v i g a t o r  i n  o w n  s h i p  3  i n  t h e  e x e r c i s e  d e p i c t e d  i n  F i g .  A . 3  i s  g i v e n  
i n  A p p e n d i x  I V .
F O R M A T  O F  T H E  R E C O R D S
T h e r e  w e r e  f o u r  t y p e s  o f  c a r d s  c a r r y i n g  t h e  r e q u i r e d  i n f o r m a t i o n  
f o r  a  s i n g l e  e x e r c i s e .  T h e  d e t a i l s  o n  e a c h  t y p e  w e r e  a s  f o l l o w s ;
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S e t  1 :  E x e r c i s e  P a r a m e t e r s
V i z : -  C o u r s e  n u m b e r
E x e r c i s e  n u m b e r
N u m b e r  o f  t i m e  p o i n t s  r e c o r d e d
N u m b e r  o f  o w n  s h i p s
N u m b e r  o f  t a r g e t  s h i p s
N u m b e r  o f  s h i p  e n c o u n t e r s  t o  b e  c o n s i d e r e d
S e t  2 :  S p e e d s  a n d  C o u r s e s  o f  t h e  S h i p s
T h e s e  w e r e  g i v e n  f o r  e a c h  o f  t h e  o w n  s h i p s  a n d  t a r g e t  s h i p s .
B o t h  t h e  s p e e d s  a n d  c o u r s e s  w e r e  r e c o r d e d  t o  t h e  n e a r e s t  i n t e g e r  a s  
i t  w a s  f e l t  t h a t  n o  f u r t h e r  a c c u r a c y  w a s  j u s t i f i e d .
S e t  3 :  D e t a i l s  o n  o t h e r  I n d e p e n d e n t  V a r i a b l e s
V i z : -  e x p e r i e n c e  o f  e a c h  n a v i g a t i n g  o f f i c e r
s i z e  o f  s h i p  i n  g r o s s  r e g i s t e r e d  t o n n a g e  
m a x i m u m  s p e e d  o f  s h i p .
T h e s e  d e t a i l s  w e r e  g i v e n  f o r  e a c h  o f  t h e  o w n  s h i p s .
S e t  4 :  D i s t a n c e s  a n d  R e l a t i v e  B e a r i n g s
E a c h  o w n  s h i p  w a s  t a k e n  a s  c e n t r a l  s h i p  i n  t u r n  a n d  t h e  d i s t a n c e s  
a n d  r e l a t i v e  b e a r i n g s  o f  a l l  o t h e r  s h i p s  f r o m  i t  r e c o r d e d .  D i s t a n c e s  
w e r e  g i v e n  t o  t h e  n e a r e s t  t e n t h  o f  a  m i l e  a n d  r e l a t i v e  b e a r i n g s  t o  t h e  
n e a r e s t  d e g r e e ,  s i n c e  t h i s  a g a i n  w a s  t h e  h i g h e s t  d e g r e e  o f  a c c u r a c y  
c o n s i d e r e d  j u s t i f i a b l e .
A  f u l l e r  d e s c r i p t i o n  o f  t h e  f o r m a t  o f  t h e  r e c o r d s  i s  g i v e n  i n  
A p p e n d i x  I V ,  i n c l u d i n g  d e t a i l s  o n  t h e  o r d e r i n g  o f  t h e  e n c o u n t e r s  w i t h i n  
e a c h  e x e r c i s e .  A l s o  g i v e n  i s  a  p r i n t  o u t  f r o m  t h e  e x e r c i s e  s h o w n  i n  
F i g .  4 . 3
i'
R E Q U I R E M E N T S  F O R  T H E  B A S I C  P R O G R A M
F r o m  t h e  r e q u i r e d  f o r m  f o r  t h e  s e c o n d a r y  d a t a  g i v e n  a t  t h e  s t a r t  o f  
t h e  c h a p t e r  a n d  t h e  f o r m a t  o f  t h e  i n p u t  r e c o r d s  j u s t  d i s c u s s e d ,  i t  i s  
c l e a r  t h a t  t h e  r e q u i r e m e n t  f o r  t h e  b a s i c  p r o g r a m ,  i g n o r i n g  a n y  o f  t h e  
i n d e p e n d e n t  v a r i a b l e s ,  i s  t o  s o r t  t h e  d i s t a n c e s  a n d  r e l a t i v e  b e a r i n g s  
i n t o  t h e  a p p r o p r i a t e  d i s t a n c e  c e l l  b y  s e c t o r .  T h i s  m u s t  b e  d o n e  f o r  
e a c h  e x e r c i s e ,  a n d  a n  a g g r e g a t e  f o r  e a c h  d i s t a n c e  c e l l  f o r  e a c h  s e c t o r  
p r i n t e d  a t  t h e  e n d .  A  c o p y  o f  t h e  p r o g r a m  u s e d  t o  d o  t h i s  i s  g i v e n  i n  
A p p e n d i x  V I I L  I t  w a s  d e c i d e d  t o  c h o o s e  a n  a r b i t r a r y  c u t  o f f  f o r  t h e  
d i s t r i b u t i o n s  a t  5  n . m i l e s  b e c a u s e  a t  t h a t  d i s t a n c e  f r o m  a  c e n t r a l  s h i p  
t h e  e f f e c t  o f  a  d o m a i n  i s  m o s t  u n l i k e l y  t o  b e  f e l t .  F r o m  t h e  r e s u l t s
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o b t a i n e d  i n  t h e  f o l l o w i n g  c h a p t e r s  t h i s  w o u l d  s e e m  t o  b e  a  j u s t i f i a b l e  
d e c i s i o n .  F i g s .  A . 4 ,  4 . 5  a n d  4 . 6  s h o w  t h e  d i s t r i b u t i o n s  b y  s e c t o r  f o r  
a l l  e x e r c i s e s  c o m b i n e d .
M O D I F I C A T I O N S  T O  T H E  B A S I C  P R O G R A M
E a c h  e x e r c i s e  h a s  n e c e s s a r i l y  a  f i x e d  s e t  o f  s t a r t i n g  p o s i t i o n s  
s e t  u p  b y  t h e  i n s t r u c t o r  a s  i l l u s t r a t e d  i n  t h e  p r e v i o u s  c h a p t e r .  T h u s  
i t  c a n  h a r d l y  b e  c o n s i d e r e d  t h a t  a t  t h e  s t a r t  o f  t h e  e x e r c i s e  a n y  
p a r t i c u l a r  g r o u p  o f  o f f i c e r s  i s  i n  a  s e r i e s  o f  p o s i t i o n s  c h o s e n  b y  t h e m ­
s e l v e s .  I t  w a s  t h e r e f o r e  d e c i d e d  t h a t  t h e  a n a l y s i s  o f  r e l a t i v e  
b e a r i n g s  a n d  d i s t a n c e s  s h o u l d  o n l y  s t a r t  a t  a  p o i n t  w h e r e  a n  i n d i v i d u a l  
o f f i c e r  h a d  h a d  t i m e  t o  a s s e s s  t h e  s i t u a t i o n  a n d  m a n o e u v r e  a c c o r d i n g l y .  
T h e  o m i s s i o n  o f  t h e  f i r s t  t w o  r e c o r d e d  p o i n t s  a t  0  a n d  6  m i n u t e s  a f t e r  
t h e  s t a r t  r e s p e c t i v e l y ,  m e a n t  t h a t  t h e  f i r s t  s e t  o f  p o s i t i o n s  a n a l y s e d  
w e r e  t h o s e  1 2  m i n u t e s  f r o m  t h e  s t a r t  o f  t h e  e x e r c i s e .  T h i s  w a s  f e l t  t o  
g i v e  a  r e a s o n a b l e  a m o u n t  o f  t i m e  f o r  t h e  i m m e d i a t e  i n i t i a l  s i t u a t i o n s  t o  
b e  s o r t e d  o u t .  F i g s .  4 . 4 ,  4 . 5  a n d  4 . 6  s h o w  t h e  d i s t r i b u t i o n s  w i t h  t h e  
f i r s t  t w o  t i m e  p o i n t s  o m i t t e d  s u p e r i m p o s e d  o n  t h e  b a s i c  d i s t r i b u t i o n s  a n d  
t h e  m o d i f i e d  p r o g r a m  u s e d  t o  p r o d u c e  t h i s  i s  i n  A p p e n d i x  V I I I .
T h i s  m o d i f i c a t i o n  h a d  m o s t  e f f e c t  o n  t h e  l a t e r  e x e r c i s e s  s i n c e  i n  
t h e  e a r l y  o p e n  o c e a n  o n e s  t h e  s t a r t i n g  p o i n t s  w e r e  i n  f a c t  u s u a l l y  m o r e  
t h a n  f i v e  m i l e s  a p a r t .  I t  s h o u l d  a l s o  b e  n o t e d  t h a t  t h e r e  w a s  a  s l i g h t  
v a r i a t i o n  b e t w e e n  e x e r c i s e s  o f  t h e  s a m e  n u m b e r ,  w h i c h  a c c o u n t s  f o r  t h e  
s p r e a d  i n  t h e  v a l u e s  o b t a i n e d  i n  t h e  f i r s t  t w o  t i m e  p o i n t s .  F r o m  t h e  
t h r e e  p a i r s  o f  g r a p h s  i t  w o u l d  a p p e a r  t h a t  t h e  s h a p e s  o f  t h e  c u r v e s  
h a v e  n o t  c h a n g e d  a p p r e c i a b l y  w i t h  t h i s  m o d i f i c a t i o n  b u t  s i n c e  i t  i s  b a s e d  
o n  a n  i m p o r t a n t  p r a c t i c a l  c o n s i d e r a t i o n  i t  w a s  d e c i d e d  t o  u s e  i t  t h r o u g h ­
o u t  t h e  a n a l y s e s
A N A L Y S E S  B Y  I N D E P E N D E N T  V A R I A B L E S
A  f u l l  d e s c r i p t i o n  o f  t h e  a n a l y s e s  p r o d u c e d  t a k i n g  i n t o  a c c o u n t  t h e  
v a r i o u s  i n d e p e n d e n t  v a r i a b l e s  w i l l  b e  g i v e n  i n  C h a p t e r  6 .  A t  t h i s  p o i n t  
i t  i s  w o r t h  d e s c r i b i n g  b r i e f l y  t h e  a p p r o a c h  u s e d ,  h o w e v e r .  T h e  c a r d s  
c o n t a i n i n g  t h e  i n f o r m a t i o n  o n  s p e e d s  a n d  c o u r s e s ,  t h e  s i z e  a n d  t y p e  o f  
s h i p s  a n d  e x p e r i e n c e  o f  t h e  n a v i g a t o r s  w a s  r e a d  i n  o n c e  p e r  e x e r c i s e .
I t  w a s  t h e n  n e c e s s a r y  t o  a s s o c i a t e  a p p r o p r i a t e  v a l u e s  t o  e a c h  e n c o u n t e r  
b e t w e e n  t w o  s h i p s  a n d ,  f o r  t h e  i n f o r m a t i o n  o n  s p e e d  a n d  c o u r s e ,  t o  h a v e  
t h e s e  a s s o c i a t e d  w i t h  t h e  c o r r e c t  t i m e  p o i n t .  F o r  a n y  e n c o u n t e r  w i t h  
s h i p  A  a s  c e n t r a l  s h i p  a n d  s h i p  B  a s  t h e  o t h e r  s h i p  i t  s h o u l d  b e  p o s s i b l e
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S U N K  D A T A :  C O M P U T E R  R E C O R D S
P R E L I M I N A R Y  W O R K
T h e  s i t u a t i o n  f o r  t h i s  d a t a  w a s  d i f f e r e n t  f r o m  t h a t  f o r  t h e  
s i m u l a t o r  d a t a  b e c a u s e  i n  t h a t  c a s e  t h e r e  w a s  n o  d i r e c t  c o n n e c t i o n  
b e t w e e n  t h e  s h i p  m o v e m e n t s  i n  o n e  e x e r c i s e  a n d  i n  a n o t h e r .  T h u s  t h e  
e x e r c i s e  p r o v i d e d  a  s u i t a b l e  u n i t  f o r  p r e p a r a t i o n  o f  d a t a .  H o w e v e r ,  
f o r  t h e  S u n k  d a t a  t h e r e  w a s  n o  s u c h  c o n v e n i e n t  u n i t ,  e s p e c i a l l y  a s  
s h i p s  i n  o n e  h o u r  w o u l d  a p p e a r  a l s o  i n  t h e  f o l l o w i n g  h o u r .  I t  w a s  
t h e r e f o r e  d e c i d e d  t o  r e g i s t e r  t h e  p o s i t i o n  o f  a  s h i p  a t  a n y  p o i n t  i n  
t i m e  i n  C a r t e s i a n  c o o r d i n a t e s .  T h e  c h o i c e  o f  o r i g i n  w a s  f a i r l y  
s t r a i g h t f o r w a r d  a s  i t  w a s  d e c i d e d  t o  t a k e  t h e  p o s i t i o n  o f  t h e  ' S i r  
J o h n  C a s s ' ,  a n d  t h e  d i r e c t i o n  o f  t h e  p o s i t i v e  y  a x i s  w a s  a l o n g  t h e  N o r t h  
l i n e  f r o m  t h e r e .  A  t r a n s p a r e n t  g r i d  w a s  p l a c e d  o v e r  t h e  p l o t s  a n d  h e n c e  
t h e  a p p r o p r i a t e  p o s i t i o n s  c o u l d  b e  r e a d  o f f .  E a c h  s h i p  o b s e r v e d  i n  
t h e  s u r v e y s  w a s  o r i g i n a l l y  g i v e n  a  u n i q u e  f i v e  d i g i t  i d e n t i f i c a t i o n  
n u m b e r .  T h e  f i r s t  d i g i t  w a s  e i t h e r  1 ,  2  o r  3  d e p e n d i n g  o n  t h e  s u r v e y  
a n d  t h e  r e m a i n i n g  f o u r  g a v e  t h e  n u m b e r  o f  t h e  s h i p  i n  c h r o n o l o g i c a l  
o r d e r  f r o m  t h e  s t a r t  o f  t h e  s u r v e y .  T h i s  n u m b e r i n g  w a s  u s e d  f o r  a l l  
s h i p s  a p a r t  f r o m  f i s h i n g  v e s s e l s  a n d  t h e  p i l o t  v e s s e l  t o  m a k e  t h e s e  
l a t t e r  t y p e s  o f  s h i p  d i s t i n g u i s h a b l e  a t  a  g l a n c e .  F o r  t h e m  a  t h r e e  
d i g i t  n u m b e r  w a s  u s e d ,  w i t h  t h e  f i r s t  a g a i n  d e n o t i n g  t h e  n u m b e r  o f  t h e  
s u r v e y .  T h e  l a s t  t w o  r e f e r r e d  t o  t h e  c h r o n o l o g i c a l  a p p e a r a n c e  o f  t h e  
s h i p s  w i t h  0 0  b e i n g  u s e d  f o r  t h e  p i l o t  v e s s e l .  T h e  n u m b e r i n g  s y s t e m  w a s  
t h e n  e x t e n d e d  t o  c o v e r  t h e  b u o y s  a s  w e l l  a n d  a s  t h e r e  w e r e  o n l y  t e n  
e a s i l y  d i s t i n g u i s h a b l e ,  a  t w o  d i g i t  n u m b e r  c o u l d  b e  u s e d ,  t h e  f i r s t  o f  
t h e s e  r e f e r r i n g  t o  t h e  s u r v e y  n u m b e r .
F O R M A T  O F  T H E  R E C O R D S
I t  w a s  d e c i d e d  t o  t r e a t  e a c h  s h i p  a t  e a c h  p o i n t  i n  t i m e  a s  a  
s e p a r a t e  r e c o r d .  T h e  i n f o r m a t i o n  o n  e a c h  r e c o r d ,  w h i c h  w a s  i n  f a c t  
o n l y  o n e  c a r d  l o n g  w a s  a s  f o l l o w s  
S h i p  N u m b e r
X  C o o r d i n a t e  o f  P o s i t i o n  a t  t i m e  T
Y  C o o r d i n a t e  o f  P o s i t i o n  a t  t i m e  T
X  C o o r d i n a t e  o f  P r o j e c t e d  P o s i t i o n  a t  t i m e  T  +  1
Y  C o o r d i n a t e  o f  P r o j e c t e d  P o s i t i o n  a t  t i m e  T  +  1  
T i m e  T
P o s i t i o n  i n  A r e a  
L e n g t h  o f  s h i p  
G r o s s  t o n n a g e  o f  s h i p
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T h e  t i m e  T  +  1  r e f e r r e d  t o  a b o v e  w a s  t h e  t i m e  s i x  m i n u t e s  a f t e r  t h e  t i m e  
a t  w h i c h  t h e  p o s i t i o n  w a s  r e c o r d e d .  T h e  c o o r d i n a t e s  m e a s u r i n g  t h e  
p o s i t i o n  w e r e  r e c o r d e d  t o  t h e  n e a r e s t  t e n t h  o f  a  m i l e  s i n c e  i n  t h i s  c a s e  
t o o  t h i s  w a s  f e l t  t o  b e  t h e  h i g h e s t  d e g r e e  o f  a c c u r a c y  r e a l l y  j u s t i f i e d .
T h e  v a r i a b l e ,  p o s i t i o n  i n  t h e  a r e a ,  w a s  u s e d  t o  d i s t i n g u i s h  w h e n  
s h i p s  w e r e  i n  d i f f e r e n t  p a r t s  o f  t h e  a r e a  w h e r e  t h e  n a v i g a t i n g  c o n d i t i o n s  
m i g h t  b e  a l t e r e d .  F i g ,  4 , 7  s h o w s  a n o t h e r  h o u r ’ s  t r a c e s  w i t h  t h e  s h i p s '  
n u m b e r s  s u p e r i m p o s e d .  I n  t h e  l e f t - h a n d  c o m e r  a n  a r e a  h a s  b e e n  d i v i d e d  
o f f  t o  d e n o t e  t h e  c h a n n e l  a p p r o a c h e s  t o  H a r w i c h  a n d  F e l i x s t o w e ,  S h i p s  
w e r e  g i v e n  a  s p e c i a l  p o s i t i o n  n u m b e r  i f  t h e y  w e r e  w i t h i n  t h i s  a r e a .  T h e  
p o s i t i o n  n u m b e r  c o u l d  a l s o  b e  c h a n g e d  t o  i d e n t i f y  s h i p s  n e a r  t h e  p i l o t  
b o a t .  A d d i t i o n a l l y ,  i t  c o u l d  b e  u s e d  t o  i n d i c a t e  w h e t h e r  t h e r e  w a s  
a c t u a l l y  a  p i l o t  o n  b o a r d  o r  n o t .  S h i p s  a t  a n c h o r  w e r e  g i v e n  a  s p e c i a l  
p o s i t i o n  n u m b e r  b u t  o t h e r w i s e  t h e  s h i p s  w e r e  g i v e n  a  p o s i t i o n  n u m b e r  o f  
0  t o  i n d i c a t e  a  g e n e r a l  p o s i t i o n  i n  t h e  a r e a .
F u l l e r  d e t a i l s  o n  t h e  f o r m a t  o f  t h e  r e c o r d s  i n c l u d i n g  t h e  r e a s o n s  
f o r  t h e  c h o i c e  o f  t h i s  p a r t i c u l a r  m e t h o d  a r e  g i v e n  i n  A p p e n d i x  I V .  A l s o  
g i v e n  i s  i n f o r m a t i o n  o n  t h e  p a r t i c u l a r  c o d e s  u s e d  f o r  e a c h  o f  t h e  
v a r i a b l e s  w h i c h  i n d i c a t e s  t h e  a m o u n t  o f  d e t a i l  a v a i l a b l e .
R E Q U I R E M E N T S  F O R  T H E  B A S I C  P R O G R A M
A l t h o u g h  t h e  d a t a  f o r m a t  w a s  s i m p l e r  i n  t h i s  c a s e ,  t h e r e  w a s  m o r e  
w o r k  t o  b e  d o n e  i n  t h e  b a s i c  p r o g r a m .  T h e  p r o g r a m  h a d  t o  t a k e  e a c h  
s h i p  i n  t u r n ,  c a l c u l a t e  t h e  d i s t a n c e  a n d  r e l a t i v e  b e a r i n g  o f  a l l  t h e  
o t h e r  s h i p s  i n  t h e  a r e a  a t  t h e  s a m e  p o i n t  i n  t i m e  a n d  t h e n  a l l o c a t e  t h e  
v a l u e s  o b t a i n e d  i n t o  t h e  a p p r o p r i a t e  c e l l s  o n  t h e  d a r t b o a r d  g r i d .
F i n a l l y  t h e  a g g r e g a t e  n u m b e r  o f  v a l u e s  i n  e a c h  d i s t a n c e  c e l l  h a d  t o  b e  
p r i n t e d  b y  s e c t o r .  T o  e c o n o m i s e  o n  t i m e  a n d  s t o r a g e ,  t h e  c a r d s  w e r e  
s o r t e d  b y  h o u r  a n d  e a c h  h o u r  w a s  r e a d  i n  s u c c e s s i v e l y .  T h u s  a l l  c a r d s  
r e f e r r i n g  t o  a n y  t i m e  b e g i n n i n g  2 2  s a y ,  o n  o n e  s u r v e y  w o u l d  b e  r e a d  i n  
t o g e t h e r .  T h i s  w a s  a l s o  u s e f u l  w h e n  c h e c k i n g  p r o g r a m s  a n d  c a r d s  a s  
e a c h  h o u r  c o u l d  b e  p r i n t e d  o u t  s e p a r a t e l y .  T h e  r e s u l t i n g  d i s t r i b u t i o n s  
o b t a i n e d  i n  S u r v e y  2  a r e  s h o w n  g r a p h i c a l l y  i n  F i g s .  4 , 8 ,  4 . 9  a n d  4 . 1 0 ,  
T h e  f i g u r e s  f o r  a l l  t h r e e  s e c t o r s  h a v e  a g a i n  b e e n  p r e s e n t e d  i n  t h e  m a i n  
t e x t  f o r  c o m p l e t e n e s s  s a k e .  T h e  q u e s t i o n  o f  d i f f e r e n c e s  b e t w e e n  t h e m  
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M O D I F I C A T I O N S  T O  T H E  B A S I C  P R O G R A M
O w i n g  t o  t h e  v a r y i n g  n a t u r e  o f  t h e  a r e a ,  i t  w a s  d e c i d e d  t h a t  i t  
w a s  n o t  r e a l l y  a d v i s a b l e  t o  i n c l u d e  a l l  s h i p s  i n  t h e  m a i n  b a s i c  r e s u l t s .  
I t  w a s  t h e r e f o r e  d e c i d e d  t o  e x c l u d e  a s  c e n t r a l  s h i p  a l l  s h i p s  w h i c h  w e r e  
n o t  i n  t h e  m a i n  p a r t  o f  t h e  a r e a  o r  w h i c h  w e r e  n e a r  t h e  p i l o t  v e s s e l  o r  
w e r e  a t  a n c h o r ,  i . e .  a l l  s h i p s  w h i c h  h a d  a  p o s i t i o n  n u m b e r  o t h e r  t h a n  0 ,  
I n  a d d i t i o n ,  i t  w a s  d e c i d e d  t o  e x c l u d e  a s  c e n t r a l  s h i p  t h e  p i l o t  v e s s e l  
a n d  f i s h i n g  v e s s e l s  s i n c e  t h e y  a r e  n a v i g a t i n g  u n d e r  d i f f e r e n t  c o n d i t i o n s .
W i t h  a n y  r a d a r  d i s p l a y  t h e r e  i s  t h e  p r o b l e m  o f  l o s s  o f  t a r g e t s  a s  
o n e  g o e s  a w a y  f r o m  t h e  c e n t r e  o f  t h e  s c r e e n .  T h i s  p o i n t  w i l l  b e  
c o n s i d e r e d  l a t e r  ( p . 8 2  )  b u t  t h e  e f f e c t  i s  t h a t  f o r  t h o s e  s h i p s  t o w a r d s  
t h e  e d g e s  o f  t h e  d i s p l a y ,  o n e  i s  p r o b a b l y  n o t  p i c k i n g  u p  a l l  t h e  s h i p s  
n e a r  i t  a n d  o f  c o u r s e  t h e r e  a r e  t h e  s h i p s  o u t s i d e  t h e  c o v e r a g e  o f  t h e  
r a d a r .  A n  e x t r a  e x c l u s i o n  w a s  t h e r e f o r e  m a d e  s o  t h a t  o n l y  s h i p s  w i t h i n  
3  m i l e s  o f  t h e  c e n t r e  o f  t h e  s c r e e n  s h o u l d  b e  c o n s i d e r e d  a s  c e n t r a l  
s h i p .  A  c o p y  o f  t h e  b a s i c  p r o g r a m  i n c l u d i n g  t h e s e  m o d i f i c a t i o n s  i s  
g i v e n  i n  A p p e n d i x  V I I 3 , a n d  t h e  m o d i f i e d  r e s u l t s  f o r  o n e  o f  t h e  s u r v e y s  
a r e  s h o w n  i n  F i g s .  A . 8 ,  4 . 9  a n d  4 . 1 0 .  T h e  l a r g e  n u m b e r s  o f  v e r y  c l o s e  
d i s t a n c e s  i n  a l l  t h r e e  s e c t o r s  a r e  c a u s e d  b y  t h e  s h i p s  i n  t h e  v i c i n i t y  
o f  t h e  p i l o t  b o a t .  T h e  a p p r o a c h  o f  a  s h i p  t o  t h e  p i l o t  b o a t  w h i l e  a  
p i l o t  i s  b e i n g  t r a n s f e r r e d  i s  o b v i o u s l y  v e r y  c l o s e  a n d  w h e n  t h e r e  a r e  n o  
e x c l u s i o n s ,  t h i s  w i l l  o b v i o u s l y  a p p e a r  t w i c e ,  o n c e  w h e n  t h e  p i l o t  b o a t  i s  
c e n t r a l  s h i p  a n d  o n c e  w h e n  t h e  o t h e r  s h i p  i s .  A d d i t i o n a l l y ,  i t  w a s  
q u i t e  c o m m o n  t o  h a v e  m o r e  t h a n  o n e  s h i p  i n  t h e  v i c i n i t y  o f  t h e  p i l o t  
b o a t  a t  a n y  o n e  t i m e  w h i c h  a l s o  p r o d u c e d  s o m e  c l o s e  a p p r o a c h e s ,  a s  t h e y  
w a i t e d  t h e i r  t u r n  f o r  t h e  p i l o t .  A l s o  s h o w n  o n  t h e  g r a p h s  a r e  t h e  
d i s t r i b u t i o n s  b y  s e c t o r  w h e n  s h i p s  i n  t h e  C h a n n e l  a n d  s h i p s  i n  t h e  p i l o t  
v i c i n i t y  a r e  e x c l u d e d  a s  c e n t r a l  s h i p  b u t  f i s h i n g  v e s s e l s  a r e  s t i l l  
i n c l u d e d .  T h i s  d o e s  n o t  a f f e c t  t h e  b a s i c  p a t t e r n  a s  e x t e n s i v e l y  a s  i f  
n o  m o d i f i c a t i o n s  w e r e  m a d e  b u t  i t  i s  s t i l l  c o n s i d e r e d  b e t t e r  t o  e x c l u d e  
t h e m  a s  w e l l ,  a s  t h e i r  m a n o e u v e r i n g  p a t t e r n s  a r e  s o  d i f f e r e n t  f r o m  
o r d i n a r y  s h i p s .
A N A L Y S I S  B Y  I N D E P E N D E N T  V A R I A B L E S
A s  s t a t e d  i n  t h e  s e c t i o n  o n  t h e  s i m u l a t o r  d a t a  t h i s  w i l l  b e  d e a l t  
w i t h  i n  d e t a i l  i n  C h a p t e r  6 ,  b u t  a  b r i e f  d e s c r i p t i o n  i s  g i v e n  h e r e .  
S i n c e  e a c h  r e c o r d  c o n t a i n e d  a l l  t h e  r e l e v a n t  i n f o r m a t i o n ,  t h e  o n l y  
v a r i a b l e  t o  b e  c a l c u l a t e d  w a s  r e l a t i v e  v e l o c i t y .  T h e  f o r m a t  o f  t h e  
d a t a  r e c o r d s  w a s  c h o s e n  b e a r i n g  i n  m i n d  t h i s  c a l c u l a t i o n .  A  c o p y  o f  
t h e  p r o g r a m  f o r  t h i s  i s  g i v e n  i n  A p p e n d i x  V I I I .
- n  -
C H E C K I N G  P R O C E D U R E S
S i n c e  t h e  p r o g r a m s  f o r  t h i s  d a t a  w e r e  m o r e  c o m p l e x ,  t h e y  w e r e  
c h e c k e d  v e r y  t h o r o u g h l y  t o  e n s u r e  t h e y  w e r e  d o i n g  t h e  c o r r e c t  t a s k s  
u s i n g  b o t h  t e s t  d a t a  a n d  t h e n  b y  r u n n i n g  a  s a m p l e  o f  r e a l  d a t a  a n d  
c r o s s - c h e c k i n g  t h e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  m a n u a l l y .
T h e  d a t a  i t s e l f  w a s  c h e c k e d  u s i n g  a  p r o g r a m  d e s i g n e d  t o  s p o t  a n y  
a n o m a l i e s .  F u l l  d e t a i l s  o n  t h e  c h e c k i n g  p r o c e d u r e s  u s e d  a r e  g i v e n  
i n  A p p e n d i x  I V .
C O M P A R I S O N  O F  T H E  T W O  M E T H O D S  O F  S E C O N D A R Y  D A T A  P R E P A R A T I O N
I n  r e t r o s p e c t  i t  w a s  d e c i d e d  t h a t  t h e  b a s i c  m e t h o d  u s e d  f o r  t h e  
S u n k  d a t a  w a s  t h e  b e t t e r  f o r  a n y  f u t u r e  s e c o n d a r y  d a t a  p r e p a r a t i o n ,  a s  
i t  i n v o l v e d  f a r  l e s s  p r e l i m i n a r y  w o r k .  W i t h  d a t a  o f  t h e  s i m u l a t o r  
t y p e  X ,  y  c o o r d i n a t e s  c o u l d  e a s i l y  b e  u s e d  s i n c e  e a c h  e x e r c i s e  i s  
c o m p l e t e  i n  i t s e l f  a n d  f o r  t h e  t r a c i n g  o f  o n e  e x e r c i s e  i t  d o e s  n o t  
m a t t e r  w h e r e  t h e  f r a m e  o f  r e f e r e n c e  i s  s i n c e  i t  i s  o n l y  r e l a t i v e  
i n f o r m a t i o n  t h a t  i s  r e q u i r e d .  I t  i s ,  h o w e v e r ,  f e l t  t h a t  f o r  t h e  
p u r p o s e s  o f  t h e  t h e s i s  i t  w a s  v e r y  i n s t r u c t i v e  t o  f o l l o w  t h r o u g h  t h e  
s i m u l a t o r  e x e r c i s e s  i n  d e t a i l .
W i t h  r e s p e c t  t o  t h e  c a l c u l a t i o n  o f  r e l a t i v e  v e l o c i t i e s ,  t h e  S u n k  
d a t a  m e t h o d  a g a i n  i n v o l v e d  l e s s  d a t a  h a v i n g  t o  b e  r e a d  i n  a n d  s t o r e d  
a l t h o u g h  m o r e  c a l c u l a t i o n .  I f  u s e d  f o r  t h e  s i m u l a t o r  d a t a  i t  w o u l d  b e  
u s e f u l  t o  c o m p a r e  t h e  v a l u e s  o b t a i n e d  f o r  s p e e d s  a n d  c o u r s e s  w i t h  t h o s e  
g i v e n  i n  t h e  s t u d e n t s ’ n o t e s .
O n e  i m m e d i a t e  m o d i f i c a t i o n  w h i c h  c o u l d  b e  m a d e  t o  t h e  S u n k  d a t a  
m e t h o d  i s  t o  r e a d  i n  t h e  t i m e - i n d e p e n d e n t  v a r i a b l e s  o f  t o n n a g e  a n d  
l e n g t h  a s  l i s t s  a g a i n s t  t h e  s h i p  n u m b e r s  s o  t h a t  t h e  a p p r o p r i a t e  v a l u e  
c o u l d  b e  a s s i g n e d  i f  r e q u i r e d  b u t  w o u l d  n o t  h a v e  t o  b e  c o n t i n u a l l y  
c a r r i e d  o n  e a c h  r e c o r d .
I n  c o n c l u s i o n  i n  t h i s  s e c t i o n ,  i t  s h o u l d  b e  m e n t i o n e d  t h a t  t h e  m a i n  
e m p h a s i s  i n  t h e  d a t a  p r o c e s s i n g  w a s  t o  p e r f o r m  t h e  t a s k s  r e q u i r e d  a n d  
n o t  s o  v i t a l l y  o n  p e r f o r m i n g  t h e m  i n  t h e  m o s t  e f f i c i e n t  m e t h o d  p o s s i b l e .  
T h e y  a r e  t h e r e f o r e  p r e s e n t e d  h e r e  a s  m e t h o d s  w h i c h  h a v e  w o r k e d  f o r  t h e  
j o b  r a t h e r  t h a n  t h e  b e s t  p o s s i b l e  m e t h o d s  f o r  t h e  s i t u a t i o n .  I t  i s  
f e l t  h o w e v e r  t h a t  t h e y  a r e  f a i r l y  f l e x i b l e  m e t h o d s  w h i c h  c o u l d  e a s i l y  b e  
a d a p t e d  t o  d a t a  c o l l e c t e d  i n  a  d i f f e r e n t  f o r m .
-  7 8  -
T h e  f i n a l  s e c t i o n  o f  t h i s  c h a p t e r  w i l l  c o m p r i s e  a  c r i t i c a l  l o o k  
a t  t h e  d a t a  o b t a i n e d .
A  C R I T I C A L  A N A L Y S I S  O F  T H E  D A T A
F o l l o w i n g  t h e  d e s c r i p t i o n s  o f  h o w  t h e  d a t a  w a s  c o l l e c t e d  a n d  
p r o c e s s e d ,  i t  i s  e s s e n t i a l  t o  t a k e  a  c r i t i c a l  l o o k  a t  t h e  s o r t  o f  d a t a  
p r o d u c e d .  V i s u a l  e x a m i n a t i o n  o f  F i g s .  4 . 4 ,  4 . 5 ,  4 . 6 ,  4 . 8 ,  4 . 9  a n d  4 . 1 0  
s h o w s  i t  t o  b e  r a t h e r  * n o i s y * ,  s o  a c c o u n t  m u s t  b e  t a k e n  o f  w h y  t h i s  
s h o u l d  b e .
F A U L T S  COMMON T O  B O T H  T Y P E S  O F  D A T A
S o m e  o f  t h e  r e a s o n s  f o r  t h e  n o i s e  a r e  c o m m o n  t o  b o t h  t y p e s  o f  d a t a .  
F i r s t l y ,  t h e r e  i s  t h e  s i t u a t i o n  t h a t  t h e  s h i p s  i n  a n  a r e a  a t  o n e  t i m e  
a r e  n o t  a f f e c t e d  b y  t h e  c e n t r a l  s h i p  i n  q u e s t i o n  a l o n e  b u t  b y  e a c h  
o t h e r ' s  p r e s e n c e .  T h i s  i s  o f  c o u r s e  c a p i t a l i s e d  o n  i n  t a k i n g  e a c h  s h i p  i n  
t u r n  a s  t h e  c e n t r a l  s h i p  b u t  m e a n s  t h a t  w i t h  r e s p e c t  t o  o n e  s h i p  t h e  
p o s i t i o n s  o f  t h e  o t h e r s  a r e  n o t  r e a l l y  i n d e p e n d e n t .  A g a i n ,  b y  l o o k i n g  
a t  t h e  s i t u a t i o n  e v e r y  s i x  m i n u t e s ,  t h e r e  w i l l  b e  a  c o n n e c t i o n  b e t w e e n  
t h e  s u b s e q u e n t  p o s i t i o n s  o f  t w o  s h i p s  r e l a t i v e  t o  e a c h  o t h e r .  t '/ h e n  t h e  
r e l a t i v e  v e l o c i t i e s  a r e  s m a l l  t h i s  c a n  l e a d  t o  a  c o n c e n t r a t i o n  o f  p o i n t s .  
I f  i n  f a c t  r e a d i n g s  w e r e  t a k e n  e v e r y  t h r e e  m i n u t e s ,  s a y ,  o r  a t  e v e n  m o r e  
f r e q u e n t  i n t e r v a l s ,  t h i s  w o u l d  b e c o m e  m o r e  s e r i o u s  b u t  o v e r  a  s i x  m i n u t e  
i n t e r v a l  t h e  e f f e c t  i s  n o t  t o o  m a r k e d .  F o r  t h i s  r e a s o n  h o w e v e r  i t  w a s  
f e l t  t h a t  t h e  s a m p l e  s i z e s  s h o u l d  n o t  b e  i n c r e a s e d  b y  s i m p l y  t a k i n g  a  
s h o r t e r  t i m e  i n t e r v a l .
A  t h i r d  p r o b l e m  i s  t h e  c o m m o n  s t a t i s t i c a l  p r o b l e m  o f  h a v i n g  t o  
m e a s u r e  c o n t i n u o u s  d a t a  i n  d i s c r e t e  c l a s s e s .  T h e  a c t u a l  c h o i c e  o f  
c l a s s e s  s h o u l d  n o t  b e  t o o  c r i t i c a l  i n  t h i s  s i t u a t i o n  a s  t h e  c l a s s e s  b e a r  
n o  s y s t e m a t i c  r e l a t i o n  t o  t h e  p o s i t i o n  o f  t h e  s h i p s .  A  c l a s s  i n t e r v a l  
o f  ^  n . m i l e  s e e m e d  t h e  m o s t  a c c u r a t e  j u s t i f i a b l e  i n  t h e s e  c i r c u m s t a n c e s  
s i n c e  s m a l l e r  i n t e r v a l s  w o u l d  b e  i n c o m p a t i b l e  w i t h  t h e  a c c u r a c y  o f  t h e  
r a d a r  o b s e r v a t i o n s  a n d  i t  i s  o n l y  w h e n  t h e  n u m b e r  o f  s h i p s  i n  t h e  t o t a l  
a r e a  i s  s m a l l  t h a t  i t  i s  a  l i t t l e  u n s u i t a b l e .
T H E  S I M U L A T O R  D A T A
T h e  d a t a  c o l l e c t e d  f r o m  t h e  m a r i n e  r a d a r  s i m u l a t o r  h a s  s o m e  
a d d i t i o n a l  a w k w a r d  f e a t u r e s .
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P R O B L E M S  A R I S I N G  F R O M  T H E  E X E R C I S E S
T h e  f i r s t  p o i n t  w h i c h  h a s  a l r e a d y  b e e n  c o n s i d e r e d  ( s e e  p .  6 5 )  i s  
t h a t  a t  t h e  s t a r t  o f  a n  e x e r c i s e ,  t i m e  0 ,  t h e  n a v i g a t o r s  a r e  n o t  
n e c e s s a r i l y  i n  p o s i t i o n s  t h e y  w o u l d  l i k e  t o  b e  i n ,  b u t  i n  p o s i t i o n s  p r e ­
d e t e r m i n e d  b y  t h e  i n s t r u c t o r .  T o  o v e r c o m e  t h i s ,  t h e  r e s u l t s  h a v e  b e e n  
o b t a i n e d  o m i t t i n g  t h e  f i r s t  t w o  p o s i t i o n s  o f  t h e  e x e r c i s e  s o  t h a t  t h e  
n a v i g a t o r  h a s  h a d  a  c h a n c e  t o  a s s e s s  t h e  s i t u a t i o n  a n d  m a k e  a n  a l t e r a t i o n  
i f  h e  f e e l s  t h a t  i t  i s  n e c e s s a r y .
A  s e c o n d  p o i n t  a r i s e s  i m m e d i a t e l y  f r o m  t h i s ,  s i n c e  t h e  f a c t  t h a t  t h e  
i n i t i a l  p o s i t i o n s  o f  a n  e x e r c i s e  a r e  p r e d e t e r m i n e d  m e a n s  t h a t  t h e r e  w i l l  
b e  p e a k s  i n  t h e  d i s t r i b u t i o n s  a t  c e r t a i n  p o i n t s ,  w h e r e  t h e  v a r i o u s  
e x e r c i s e s  s t a r t .  T h e s e  a r e  r e m o v e d  t o  a  c e r t a i n  e x t e n t  b y  t h e  o m i s s i o n  
o f  t i m e  p o i n t s  0  m i n u t e s  a n d  6  m i n u t e s  b u t  t h e r e  w i l l  s t i l l  b e  s o m e  
e f f e c t  f r o m  t h i s .  H o w e v e r ,  f o r  t h e  e a r l y  e x e r c i s e s ,  w h e r e  a l l  t h r e e  o w n  
s h i p s  s t a r t  a t  t h e  s a m e  p o i n t  s o  t h a t  6  r e p e a t s  o f  e x e r c i s e  1 ,  s a y ,  w o u l d  
l e a d  t o  1 8  s h i p s  i n  t h e  s a m e  p o s i t i o n ,  t h e  p o i n t  o f  s t a r t i n g  i s  a t  a  
d i s t a n c e  g r e a t e r  t h a n  5  m i l e s  f r o m  t h e  t a r g e t  s h i p s .  T h u s  t h e  s h i p s  
w i l l  i n  a n y  c a s e  b e  s e p a r a t e d  b y  t h e  t i m e  t h e i r  d i s t a n c e  f r o m  t h e  t a r g e t  
s h i p s  i s  l e s s  t h a n  5  m i l e s .  T h e  m a i n  o v e r a l l  e f f e c t  i s  t h a t  i f  e a c h  
e x e r c i s e ,  a n d  i n  p a r t i c u l a r  t h e  e a r l y  O p e n  O c e a n  t y p e  e x e r c i s e s  w e r e  t o  
b e  a n a l y s e d  s e p a r a t e l y ,  t h e  d i s t r i b u t i o n  o f  p o i n t s  o v e r  t h e  t h r e e  s e c t o r s  
w o u l d  n o t  b e  r a n d o m .  H o w e v e r ,  t a k i n g  a l l  e x e r c i s e s  t o g e t h e r ,  t h e  e f f e c t  
i s  n o t  s o  i m p o r t a n t ,  n o r  i n  t h e  t h r e e  m a i n  s u b d i v i s i o n s  o f  E x e r c i s e  t y p e  
v i z .  O p e n  O c e a n ,  G i b r a l t a r  S t r a i t  a n d  D o v e r  S t r a i t  s i t u a t i o n s ;  s t a t i s t i c a l  
e v i d e n c e  f o r  t h i s  i s  p r e s e n t e d  i n  A p p e n d i x  I V ,
T h e  n e x t  c o n s i d e r a t i o n  a r i s e s  b e c a u s e  t h e  e x e r c i s e s  a r e  f u n d a ­
m e n t a l l y  o n  c o l l i s i o n  a v o i d a n c e .  O n c e  t h e  p a r t i c u l a r  c o l l i s i o n  t h r e a t s  
h a v e  b e e n  p a s s e d  o r  i t  h a s  b e e n  s e e n  t h a t  t h e y  w i l l  b e  n e g o t i a t e d ,  t h e n  
t h e  e x e r c i s e  i s  s t o p p e d .  T h u s  i n  m a n y  i n s t a n c e s  o n l y  t h e  p a t t e r n  o f  
r e l a t i v e  a p p r o a c h  i s  o b s e r v e d  a n d  n o t  t h e  c o m p l e t e  p a t t e r n  o f  r e l a t i v e  
s e p a r a t i o n .  T h e  m a i n  e f f e c t  o f  t h i s  h a s  b e e n  t h a t  t h e  d a t a  f o r  S e c t o r  3  
i s  v e r y  m u c h  l e s s  t h a n  f o r  t h e  o t h e r  t w o  s e c t o r s ,  y e t  t h i s  i s  t h e  
l a r g e s t  o n e  i n  a r e a .  A g a i n  a  s t a t i s t i c a l  d i s c u s s i o n  o f  t h i s  i s  g i v e n  
i n  A p p e n d i x  I V ,
P R O B L E M S  A R I S I N G  F R O M  A  S I M U L A T E D  S I T U A T I O N
T h e  p r e v i o u s  s e c t i o n  c o n s i d e r e d  p o s s i b l e  r e a s o n s  f o r  t h e  n o i s e  i n  t h e  d a t a  
f r o m  t h e  s i m u l a t o r .  T h i s  s e c t i o n  c o n s i d e r s  t h e  i m p o r t a n t  q u e s t i o n  o f
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h o w  r e a l i s t i c  i t  i s  t o  u s e  a  s i m u l a t e d  s i t u a t i o n  a s  a  s o u r c e  o f  r e a l  
d a t a  a n y w a y ,  a n d  t h e  s o r t  o f  e f f e c t s ' t h i s  i s  l i k e l y  t o  h a v e .
T h e  r a d a r  s i m u l a t o r  c o u r s e  w h i c h  t h e  s t u d e n t s  a t t e n d  i s  r u n  v e r y  
m u c h  o n  d i s c o v e r y  l i n e s .  T h u s  t h e  s t u d e n t s  p e r f o r m  a n  e x e r c i s e  w i t h o u t  
a n y  p r i o r  d i s c u s s i o n  o f  t h e  c o l l i s i o n  r e g u l a t i o n s  f o r  t h e  t y p e  o f  
s i t u a t i o n  w h i c h  t h e y  a r e  a b o u t  t o  e n c o u n t e r .  A t  t h e  s t a r t  o f  t h e  
c o u r s e  t h e y  a r e  f a m i l i a r i s e d  w i t h  t h e  c o n t r o l s  t h e y  h a v e  a v a i l a b l e  a n d  
t h e y  a r e  g i v e n  t i m e  t o  r e v i s e  p l o t t i n g  t e c h n i q u e s ,  b u t  n o  f u r t h e r  
i n s t r u c t i o n  i s  g i v e n .  A f t e r  e a c h  e x e r c i s e  a  p o s t  m o r t e m  i s  c a r r i e d  
o u t  a n d  t h e  r e a s o n s  f o r  p a r t i c u l a r  m a n o e u v r e s  a r e  d i s c u s s e d .  A s  t h i s  
d i s c u s s i o n  i s  a l w a y s  h e l d  a f t e r  a n  e x e r c i s e  h a s  b e e n  r u n  i t  i s  f e l t  t h a t  
t h e  p e r f o r m a n c e  o f  a  p a r t i c u l a r  o f f i c e r  w i l l  b e  a n  i n d i v i d u a l  r e s p o n s e  
t o  a  s i t u a t i o n  a n d  a s  s u c h  p r o v i d e s  a  v a l i d  s o u r c e  o f  d a t a .  T h e  m a i n  
e f f e c t  o f  b e i n g  i n  a  l e a r n i n g  s i t u a t i o n  i s  p e r h a p s  a  t e n d e n c y  t o  b e  
m o r e  c a u t i o u s  t h a n  i n  r e a l  l i f e  s i n c e  t h e  s t u d e n t  k n o w s  t h a t  a n y  f o o l ­
h a r d y  m a n o e u v r e s  w i l l  b e  p i c k e d  u p  a n d  a n a l y s e d  a f t e r w a r d s .  H o w e v e r ,  
a s  t h e  d o m a i n  i s  t h o u g h t  o f  a s  t h e  a r e a  t o  b e  k e p t  c l e a r  s o  t h a t  
n a v i g a t i o n a l  w o r r i e s  a r e  m i n i m i s e d  f o r  t h i s  p u r p o s e  i t  i s  a p p r o p r i a t e  
t o  h a v e  m a x i m u m  v a l u e s  r a t h e r  t h a n  m i n i m u m  v a l u e s  a s  f a r  a s  c a u t i o n  i s  
c o n c e r n e d .  A n o t h e r  p o s s i b l e  e f f e c t  o f  t h e  l e a r n i n g  s i t u a t i o n  i s  t h a t  
a s  t h e  e x e r c i s e s  p r o g r e s s ,  t h e  a c t i o n s  o f  t h e  s t u d e n t  w i l l  b e  a f f e c t e d  
b y  t h e  d i s c u s s i o n s  o n  p r e v i o u s  e x e r c i s e s .  H o w e v e r ,  a g a i n  t h e  e f f e c t  
w i l l  b e  t o  p r o d u c e  m a n o e u v r e s  w h i c h  m i n i m i z e  t h e  n a v i g a t i o n s !  w o r r i e s ,  
a n d  a s  t h e  p a r t i c u l a r  s i t u a t i o n  w i l l  i n  a n y  c a s e  b e  n e w ,  t h e  r e s u l t s  a r e  
s t i l l  c o n s i d e r e d  v e r y  v a l i d .
/J
O n e  r e a l  p r o b l e m  w h i c h  d o e s  e x i s t  i n  t h e  s i m u l a t o r  d a t a  i s  t h a t  t h e  
n u m b e r *  o f  s h i p s  i n  t h e  s u r r o u n d i n g  a r e a  i s  l i m i t e d  a n d  a s  a  r e s u l t  m a y  
n o t  b e  c o m p l e t e l y  r e a l i s t i c ,  p a r t i c u l a r l y  f o r  t h e  D o v e r  S t r a i t  e x e r c i s e s ,  
H o w e v e r ,  a s  t h e  r a d i u s  o f  t h e  d o m a i n  b o u n d a r y  i n  a n y  s e c t o r  i s  l i k e l y  t o  
g e t  s m a l l e r  a s  t r a f f i c  d e n s i t y  i n c r e a s e s  a n d  t h e  n u m b e r  o f  r e a l - l i f e  
c o l l i s i o n  t h r e a t s  m a y  n o t  n e c e s s a r i l y  b e  a n y  g r e a t e r  t h a n  o n  t h e  
s i m u l a t o r ,  t h e  e f f e c t  i s  p r o b a b l y  n o t  t o o  m a r k e d .  T h i s  p o i n t  o f  c o u r s e  
p r o v i d e s  t h e  r e a s o n  w h y  i n  a n y  c a s e  t h e  e x e r c i s e s  m u s t  n o t  b e  a n a l y s e d  
o n c e  t h e  c o l l i s i o n  t h r e a t s  a r e  a v e r t e d .  I n  r e a l  l i f e  t h e r e  m i g h t  s o o n  
b e  a n o t h e r  c o l l i s i o n  t h r e a t  a p p e a r i n g  b u t  o n  t h e  s i m u l a t o r  t h e  m o v e m e n t  
b e c o m e s  r e l a t i v e l y  f r e e .
-  81 -
f
U n f o r t u n a t e l y  i t  i s  n o t  g o i n g  t o  b e  c o m p l e t e l y  s t r a i g h t f o r w a r d  
t o  c o m p a r e  t h e  s i m u l a t o r  d a t a  a n d  t h e  r e a l - l i f e  d a t a  a s  t h e  s i m u l a t o r  
d a t a  i s  a l l  c o l l e c t e d  u n d e r  t h e  a s s u m p t i o n  o f  p o o r  v i s i b i l i t y  a n d  i n  
d i f f e r e n t  s e a  a r e a s .  H o w e v e r ,  i t  w i l l  s t i l l  b e  p o s s i b l e  t o  c o m p a r e  
t h e  t w o  o n  g e n e r a l  l i n e s ,  a n d  i n  p a r t i c u l a r  t o  c o m p a r e  t h e  S u n k  s u r v e y  
r e s u l t s  i n  g o o d  v i s i b i l i t y  w i t h  t h e  D o v e r  S t r a i t  s i m u l a t o r  r e s u l t s  i n  
p o o r  v i s i b i l i t y .
O n e  o f  t h e  f i r s t  e x t e n s i o n s  o f  t h i s  p r o j e c t  w h i c h  i t  i s  h o p e d  t o  
c a r r y  o u t  i s  t o  c o m p a r e  d a t a  f r o m  a  s i m u l a t e d  a n d  r e a l - l i f e  s i t u a t i o n  
w h e r e  t h e  c o n d i t i o n s  a r e  a s  s i m i l a r  a s  p o s s i b l e .  I f  d a t a  c a n  b e  
o b t a i n e d  f r o m  s h i p  m a n o e u v r e s  u s i n g  a  v i s u a l  s i m u l a t o r  t h i s  w o u l d  
e n a b l e  t h e  c l e a r  v i s i b i l i t y  s i t u a t i o n  t o  b e  e x a m i n e d  u n d e r  a  n u m b e r  o f  
d i f f e r e n t  f a c t o r s .
M I S C E L L A N E O U S  P R O B L E M S
T h e r e  a r e  t w o  f u r t h e r  p o i n t s  w h i c h  s h o u l d  b e  m e n t i o n e d  a g a i n  a n d  
b o r n e  i n  m i n d  w h e n  c o n s i d e r i n g  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  s i m u l a t o r  
d a t a .  F i r s t l y ,  t h e  s a m p l e s  o f  e x p e r i e n c e  o f  t h e  n a v i g a t i n g  o f f i c e r  
a n d  t h e  c l a s s  o f  s h i p  a r e  n o t  r e p r e s e n t a t i v e  o f  r e a l  l i f e  d i s t r i b u t i o n s .  
T h i s  i s  i n e v i t a b l y  s o  b e c a u s e  o f  t h e  n a t u r e  o f  t h e  c o u r s e ,  a n d  i s  n o t  
i m p o r t a n t  f o r  t h i s  p u r p o s e .  S e c o n d l y ,  t h e r e  i s  t h e  q u e s t i o n  o f  
w h e t h e r  m o r e  a c c u r a t e  r e s u l t s  c o u l d  b e  o b t a i n e d  u s i n g  t h e  d i g i t a l  
v o l t m e t e r  r e a d i n g s  o n  t h e  s i m u l a t o r .  T h e  t w o  s t a g e  p r o c e s s  o f  t r a c i n g  
f r o m  t h e  p h o t o p l o t  a n d  t h e n  t a k i n g  r e a d i n g s  f r o m  t h e  t r a c i n g  m u s t  
i n e v i t a b l y  l e a d  t o  a  s m a l l  a m o u n t  o f  e r r o r  c r e e p i n g  i n .  H o w e v e r ,  t h e  
p h o t o p l o t  h a s  t h e  a d v a n t a g e  t h a t  i t  i s  a  f a i t h f u l  r e p r o d u c t i o n  o f  w h a t  
t h e  s t u d e n t s  s e e  o n  t h e i r  s c r e e n s  w h e r e a s  t h e r e  i s  l i k e l y  t o  b e  e l e c t r i c a l  
b e t w e e n  t h e  r a d a r  d i s p l a y s  a n d  t h e  v o l t m e t e r s ,  s o  t h a t  t h e r e  
c o u l d  b e  a  d i s c r e p a n c y  i n  t h e  v o l t m e t e r  r e a d i n g s .  I t  i s  p o s s i b l e  f o r  
s t u d e n t s  t o  s e e  a n  e n d - o n  c o l l i s i o n  s i t u a t i o n  o n  t h e i r  r a d a r  d i s p l a y s  
w h e r e a s  t h e  d i g i t a l  v o l t m e t e r  r e a d i n g s  w o u l d  s u g g e s t  i t  i s  m e r e l y  a  c a s e  
o f  n e a r  m i s s .  A l s o  d i g i t a l  v o l t m e t e r  r e a d i n g s  h a v e  t o  b e  t a k e n  
s e q u e n t i a l l y  f o r  a l l  t h e  s h i p s  i n  a n  e x e r c i s e  a n d  t h e  a d v a n t a g e  o f  t h e  
p h o t o p l o t  o f  r e c o r d i n g  t h e  p o s i t i o n s  o f  a l l  s h i p s ,  i n s t a n t a n e o u s l y  i s  
c o n s i d e r e d  i m p o r t a n t .  W i t h  t h e  a d d i t i o n a l  f a c t o r  o f  t h e  t i m e  i s  w o u l d  
t a k e  t o  r e c o r d  t h e  r e s u l t s  u s i n g  t h e  d i g i t a l  v o l t m e t e r  r e a d i n g s ,  i t  i s  
e v i d e n t  t h a t  t h e  a d v a n t a g e s  o f  o b j e c t i v i t y  w h i c h  t h i s  m e t h o d  h a s  a r e  
c l e a r l y  o u t w e i g h e d  b y  t h e  a d v a n t a g e s  o f  u s i n g  t h e  p h o t o p l o t .  T h e  s l i g h t
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d e g r e e  o f  s u b j e c t i v i t y  w h i c h  m i g h t  c r e e p  i n  w i l l  i n  a n y  c a s e  n o t  c a u s e  
e r r o r s  o f  a  l a r g e r  d e g r e e  t h a n  t h e  v a r i a b i l i t y  i n h e r e n t  i n  t h e  s i t u a t i o n  
a n y w a y ,
T H E  S U N K  S U R V E Y  D A T A
T h e  d a t a  f r o m  t h e  S u n k  s u r v e y s  h a s  a d d i t i o n a l  f e a t u r e s  c o n t r i b u t i n g  
t o  n o i s e  b u t  o f  a  d i f f e r e n t  n a t u r e  t h a n  t h o s e  f o r  t h e  s i m u l a t o r  d a t a .
T h e  m a i n  p r o b l e m  i s  t h e  l o s s  o f  r a d a r  t a r g e t s  a s  t h e  d i s t a n c e  f r o m  
t h e ^ ^ j c e n t r e  o f  t h e  r a d a r  s c r e e n ,  x ,  i n c r e a s e s .  T h i s  l o s s  i s  p r o p o r t i o n a l  
t o  a s  a  g e n e r a l  r u l e  b u t  v a r i e s  c o n s i d e r a b l y  w i t h  t h e  t y p e  o f  t a r g e t .  
I t  w a s  f o u n d  d u r i n g  t h e  s u r v e y s  t h a t  t h e  t r a w l e r s  p r e s e n t  w e r e  n o t  
a l w a y s  d i s t i n g u i s h a b l e  e n o u g h  f o r  t h e i r  e x a c t  p o s i t i o n  t o  b e  a s c e r t a i n e d .  
A  t a b l e  o f  c o m p a r a t i v e  e c h o  s t r e n g t h s  i s  g i v e n  i n  A p p e n d i x  I V .  A l t h o u g h  
t h e  e x c l u s i o n  a s  c e n t r a l  s h i p  o f  t h o s e  m o r e  t h a n  3  m i l e s  f r o m  t h e  c e n t r e  
w i l l  h a v e  h e l p e d  a  l i t t l e ,  t h e r e  m u s t  i n e v i t a b l y  b e  a  f a l l i n g  o f f  i n  
d a t a  a t  g r e a t e r  d i s t a n c e s  f r o m  t h e  c e n t r e .  I t  i s  d i f f i c u l t  t o  c o m p e n ­
s a t e  f o r  t h i s  b e c a u s e  o f  t h e  v a r y i n g  r e s p o n s e  n a t u r e  o f  d i f f e r e n t  t y p e s  
o f  t a r g e t s ,  a n d  i s  a  p r o b l e m  c o m m o n  t o  a l l  t y p e s  o f  s u r v e y  b y  r a d a r ,  
b o t h  o f  m a r i n e  a n d  a i r  t r a f f i c  f l o w s .
T h e  o t h e r  f a c t o r s  c o n t r i b u t i n g  t o  t h e  ' n o i s e '  b u t  c o m m o n  t o  a l l  
r a d a r  w o r k ,  h a v e  b e e n  d i s c u s s e d  i n  d e t a i l  i n  t h e  p r e v i o u s  c h a p t e r .  T h e y  
a r e  m a i n l y  t h e  p r e s e n c e  o f  s e a  c l u t t e r  a r o u n d  t h e  c e n t r e  o f  t h e  s c r e e n ,  
s i d e - l o b i n g ,  f a l s e  e c h o e s  a n d  m u l t i p l e  e c h o e s .
c o m p o n e n t s  o f  t h e  n o i s e  a r i s e  b e c a u s e  o f  t h e  n a t u r e  o f  t h e  
a r e a  c h o s e n  f o r  t h e  s u r v e y .  A l t h o u g h  a t t e m p t s  h a v e  b e e n  m a d e  t o  
c o m p e n s a t e  f o r  t h e  d i f f e r e n t  b e h a v i o u r  i n  a  b u o y e d  c h a n n e l  a n d  n e a r  t h e  
p i l o t  t h a n  i n  a n  o p e n  o c e a n ,  i t  i s  c e r t a i n  t h a t  t h e  e f f e c t s  o f  t h e s e  
c a n n o t  b e  r e m o v e d  c o m p l e t e l y .  F o r  i n s t a n c e ,  t h e  g r o u p i n g  o f  s h i p s  
a r o u n d  t h e  p i l o t  v e s s e l  o r  i n  t h e  c h a n n e l  m a y  c a u s e  p e a k s  e v e n  t h o u g h  
t h e y  a r e  3  m i l e s  d i s t a n t  s a y  f r o m  t h e  c e n t r a l  s h i p s  b e i n g  c o n s i d e r e d .  
T h e r e  w e r e  a  w i d e  v a r i e t y  o f  e x c l u s i o n s  t h a t  c o u l d  h a v e  b e e n  c o n s i d e r e d  
a n d  w h e n  m o r e  d a t a  h a s  b e e n  a n a l y s e d  a t  a  l a t e r  s t a g e  i t  m a y  b e  p o s s i b l e  
t o  t a k e  a  w i d e r  r a n g e  o f  e x c l u s i o n s  i n t o  a c c o u n t .  A g a i n ,  t h e  d e f i n i t i o n  
o f  t h e  c h a n n e l  o r  p i l o t  n e i g h b o u r h o o d  w a s  f a i r l y  a r b i t r a r y  i n  t h a t  t h e  
n a v i g a t o r s  w o u l d  h a v e  b e e n  m a k i n g  d e c i s i o n s  b o t h  a p p r o a c h i n g  a n d  
l e a v i n g  t h e s e  a r e a s  b a s e d  o n  t h e  f a c t  t h a t  t h e y  a r e  t h e r e .
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It should also be noted here that the results obtained in the 
three different surveys show a significant difference. This might 
be accounted for by the positioning of the *Sir John Cass' at different 
points in the area but it will be examined in greater detail in Chapter 6 
as it is quite possibly attributable to the different external 
conditions prevailing. The statistical analysis on which the 
conclusion of a difference between the surveys is based is given in 
Appendix IV,
CONCLUSION
Although the previous paragraphs have tended to be critical of the 
data in a fairly adverse way in an attempt to account for the noise 
apparent in it, it should be said in conclusion that they are felt to 
be adequate for this thesis as will become apparent in the next two 
chapters. Indeed the results from the simulator data are particularly 
felt to be encouraging as it is obviously a much more convenient method 
of conducting maritime research and has great potential for future 
research projects,
S U M M A R Y
In this chapter the methods of secondary data production have been 
discussed. Owing to the different nature of the primary data from the 
simulator and from the marine traffic surveys, different methods were 
used in each case, and comparisons drawn between them. In the light of 
this, a suggested format for future data has been described.
Some basic distributions for both types of data were presented 
and following on this a critical analysis of the data was given.
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C H A P T E R  5
E v a l u a t i o n  o f  t h e  D o m a i n  B o u n d a r y
I N T R O D U C T I O N
S o m e  o f  t h e  m o s t  f u n d a m e n t a l  p r o b l e m s  i n  t h e  p r o j e c t  h a v e  b e e n  i n  
t h e  e s t a b l i s h m e n t  o f  a  w o r k i n g  d e f i n i t i o n  o f  t h e  r a n g e  o f  t h e  d o m a i n  
b o u n d a r y  f r o m  t h e  s h i p  a n d  h e n c e  t o  a c t u a l l y  e v a l u a t e  i t .  I t  i s  .
s u g g e s t e d  t h a t  t h e  d o m a n g e  w o u l d  b e  a  s u i t a b l e  w o r d  f o r  t h e  r a n g e  o f  
t h e  d o m a i n  b o u n d a r y  f r o m  t h e  s h i p  a n d  t h u s  i t  w i l l  b e  u s e d  i n  t h i s  t h e s i s .
T h e  d e f i n i t i o n  c h o s e n  s h o u l d  i d e a l l y  p r o d u c e  a n  o b j e c t i v e  m e t h o d  
o f  c a l c u l a t i n g  t h e  d o m a n g e ,  r e l e v a n t  t o  a s  m a n y  s i t u a t i o n s  a s  p o s s i b l e  
a n d  s e n s i t i v e  e n o u g h  t o  r e f l e c t  a n y  t r u e  d i f f e r e n c e s  i n  b e h a v i o u r .
F r o m  t h e  r e s u l t s  o b t a i n e d  i t  s h o u l d  t h e n  b e  p o s s i b l e  t o  t e s t  t h a t  t h e r e  
a c t u a l l y  i s  a  d o m a i n  p r e s e n t  a n d  t o  e s t a b l i s h  c o n f i d e n c e  i n t e r v a l s  f o r  
t h e  d o m a n g e s .
T h i s  c h a p t e r  c o n t a i n s  a  d i s c u s s i o n  o n  a  v a r i e t y  o f  a p p r o a c h e s  t o  
t h e  s t e p s  o u t l i n e d  a b o v e .  E x a m p l e s  o f  t h e  d i f f e r e n t  m e t h o d s  w i l l  b e  
g i v e n  u s i n g  d a t a  f r o m  b o t h  a v a i l a b l e  s o u r c e s ,  t h e  s i m u l a t o r  a n d  S u n k  
s u r v e y s  r e s p e c t i v e l y .  C o m p a r i s o n s  b e t w e e n  t h e  r e s u l t s  f r o m  t h e  t w o  
t y p e s  o f  d a t a  w i l l  h o w e v e r  b e  g i v e n  o n l y  i n  t e r m s  o f  t h e  p a r t i c u l a r  
m e t h o d o l o g y  u s e d  a t  a n y  o n e  s t a g e  o f  t h e  d i s c u s s i o n .  A n y  d i f f e r e n c e s  
i n  t h e  d o m a i n s  i n  t h e  d i f f e r e n t  s i t u a t i o n s  w h i c h  b e c o m e  a p p a r e n t  d u r i n g
c h a p t e r  w i l l  b e  c o n s i d e r e d  i n  d e t a i l  i n  t h e  f o l l o w i n g  c h a p t e r  w h i c h  
w i l l  l o o k  a t  t h e  e f f e c t  o f  d i f f e r e n t  i n d e p e n d e n t  v a r i a b l e s  o n  a  s h i p ’ s  
d o m a i n .  T h i s  c h a p t e r  s h o u l d  t h e r e f o r e  b e  s e e n  a s  a  t h e o r e t i c a l  s t u d y  
q £  t h e  e v a l u a t i o n  o f  t h e  b o u n d a r i e s  o f  a  s h i p  s  d o m a i n  u s i n g  p r a c t i c a l  
" n o i s y ”  d a t a .  T h e  r e a s o n s  f o r  t h e  n o i s e  h a v e  b e e n  c o n s i d e r e d  i n  t h e
p r e v i o u s  c h a p t e r  ( p .  7 8 ) .
T H E  M A I N  H Y P O T H E S I S
I t  w a s  d e c i d e d  t h a t  t h e  s i m p l e s t  m e t h o d  w a s  t o  w o r k  w i t h  t h e  
d i s t r i b u t i o n s  o f  n u m b e r s  o f  s h i p s  o b s e r v e d  i n  c o n c e n t r i c  a n n u l i  a r o u n d  
t h e  ’ c e n t r a l  s h i p ’ w i t h  m e a n  r a d i i  s t a r t i n g  a t  ^  n . m i l e  a n d  i n c r e a s i n g
n . m i l e s .  T h u s  t h e  a r e a s  i n v o l v e d  w e r e  i n  t h e  r a t i o19■Ir.....b y  n . m i j e  t o
1  :  3  :  5  :  7 ................... :  ( 2 r -  1 )  :  . .
-j- £ g  t h e  r ^ ^  a r e a  f r o m  t h e  c e n t r e .
9 9
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T h e  m a i n  h y p o t h e s i s  i s  t h a t  i f  t h e  p r e s e n c e  o f  a c e n t r a l  s h i p  h a s  n o  
e f f e c t  t h e n  i n  t h e  s i m p l e s t  s i t u a t i o n  t h e  d i s t r i b u t i o n  o f  o t h e r  s h i p s  
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T h e  a c t u a l  a n a l y s e s  a r e  c a r r i e d  o u t  w i t h  t h e  t o t a l  a r e a  d i v i d e d  i n t o  
t h r e e  s e c t o r s ,  d e f i n e d  b y  t h e i r  c e n t r a l  a n g l e  0 ,  m e a s u r e d  c l o c k w i s e  
f r o m  t h e  d i r e c t i o n  o f  c e n t r a l  s h i p ' s  h e a d i n g ,  v i z .
■ O
S e c t o r 1 0 ° « 6 < 1 1 2 . 5
S e c t o r 2 2 4 7 . 5 ° 0 < 3 6 0 °
S e c t o r 3 1 1 2 . 5 ° 0 < 2 4 7 . 5
T h u s  t h e  a r e a s  o f  t h e  s e c t o r s  a r e  i n  t h e  r a t i o  5 : 5 : 6 .  F o r  a  
d i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h i s  s i t u a t i o n  a n d  a  f u l l e r  d i s c u s s i o n ,  
s e e  C h a p t e r  4 ,  p . 5 9 .
T h e  m a i n  h y p o t h e s i s  c a n  b e  r e s t a t e d  a s  f o l l o w s : -  I f  t h e  c e n t r a l  
s h i p  h a s  n o  e f f e c t  o n  t h e  d i s t r i b u t i o n  o f  o t h e r  s h i p s  o v e r  t h e  
s u r r o u n d i n g  a r e a ,  t h e n  t h e  n u m b e r s  o f  s h i p s  i n  s u c c e s s i v e  a n n u l i  o f  a n y  
s e c t o r  w i l l  b e  i n  t h e  r a t i o
1 : 3 : 5 :  2 r  -  1  :
I f  a  c o n s t a n t  a  i s  n o w  d e f i n e d  d e p e n d e n t  o n  t h e  o v e r a l l  d e n s i t y  o f  
s h i p p i n g  a n d  t h e  s i z e  o f  s e c t o r  c o n s i d e r e d  t h e n  f o r  a n y  o n e  s e c t o r ,  t h e  
n u m b e r  o f  s h i p s  i n  s u c c e s s i v e  a n n u l i  w i l l  b e
a ,  3 a ,  5 a .......................... ( 2 r - l ) a ......................... 9 9 a
I f  i t  i s  n o w  a s s u m e d  t h a t  t h e  s h i p s  a r e  u n i f o r m l y  d i s t r i b u t e d  w i t h i n
e a c h  a n n u l u s ,  t h e n  t h e  n u m b e r  o f  s h i p s  w i t h i n  a n  a n n u l u s  o f  w i d t h  6 x
a n d  o f  i n n e r  r a d i u s  x ,  w i l l  b e  g i v e n  b y
2 2 
a ( x  +  < S x )  -  a x
A s  6 x  0  t h e n  t h e  r a t e  o f  i n c r e a s e  o f  s h i p s  w i t h  d i s t a n c e  ->■ 2 a x ^  
T h u s  t h e  c u r v e  o f  i n c r e a s e  o f  n u m b e r s  o f  s h i p s  i s  g i v e n  b y  t h e  l i n e  
y  =  2 a x  i f  n o  d o m a i n  e x i s t s .
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H o w e v e r ,  i f  t h e r e  i s  a  d o m a i n  t h e n  w i t h  r e f e r e n c e  t o  F i g .  5 . 1
f o r
0  <  X  < X ,
X .  < X  < X
A  c
X  i  X
a n d  X  =  X ,
y  ,  <  2 a x  
a
y  , >  2 a x  
a
y _ j  =  2 a x  
Xd “ 2“*
r
w h e r e  y  , i s  t h e  4 i s t r i b u t i o r i  o f  t h e  n u m b e r s  o f  s h i p s  i n  t h e  p r e s e n c e  
o f  t h e  d o m a i n .
S i n c e  f o r  0  <  x  <  x . ,  y ,  <  2 a x  a n d  f o r  x .  < x  <  x  ,  y  , >  2 a x ,  t h e
A d  A  c d
s h i p s  w h i c h  w o u l d  h a v e  b e e n  i n  t h e  a r e a  d e f i n e d  b y  0  <  x  <  x ^ ,  m u s t  h a v e  
m o v e d  i n t o  t h e  a r e a  d e f i n e d  b y  x ^  <  x  < x ^ .  x  =  x ^  d e f i n e s  t h e  v a l u e  
o f  X  f o r  w h i c h  y ^  =  2 a x  f o r  t h e  f i r s t  t i m e .
P O S S I B L E  D E F I N I T I O N S  O F  T H E  D O M A N G E
1 .  T h e  d o m a n g e  c o u l d  b e  d e f i n e d  a s  t h e  n e a r e s t  d i s t a n c e  t h a t  a n y o n e  
i s  o b s e r v e d  t o  g o .  T h i s  i s  n o t  v e r y  s a t i s f a c t o r y  a s  i t  d o e s  n o t  a g r e e  
v ^ i t h  t h e  t r u e  c o n c e p t  o f  a  d o m a i n ,  a s  t h e  a r e a  t h a t  t h e  n a v i g a t o r  w o u l d  
l i k e  t o  k e e p  f r e e ,  s i n c e  t h e r e  i s  n o  p h y s i c a l  r e a s o n  w h y  t h e  d o m a i n  
c a n n o t  b e  v i o l a t e d .  H e n c e  o c c a s i o n a l l y  t h e r e  w i l l  b e  s h i p s  c o m i n g  
c l o s e r  t h a n  d e s i r e d  p e r h a p s  b e c a u s e  o f  m i s j u d g e m e n t s  o r  i n e f f i c i e n t  
w a t c h  k e e p i n g .  T h e  d o m a n g e  w i l l  t h e n  b e  d i s t o r t e d  b y  o n e  e x t r e m e  
v a l u e  a n d  w i l l  n o t  r e f l e c t  t h e  a t t i t u d e  o f  t h e  m a j o r i t y  o f  n a v i g a t o r s .  
T h i s  d e f i n i t i o n  m u s t  a l s o  p r o d u c e  v e r y  v a r i a b l e  r e s u l t s  d e p e n d i n g  o n  t h e  
t y p e  o f  s h i p  a n d  i n  a n  e x t r e m e  c a s e  m a y  n o t  e v e n  g i v e  a  s a f e  d i s t a n c e  I 
O f  l e s s  i m p o r t a n c e  t h a n  t h e  p r e v i o u s  a r g u m e n t s ,  t h e r e  i s  a n  a d d i t i o n a l  
o n e  t h a t  i t  w i l l  h o w e v e r  b e  v e r y  d i f f i c u l t  t o  m e a s u r e  a c c u r a t e l y  u s i n g  
t h e  r a d a r  m e t h o d s  e m p l o y e d  s i n c e  t h e r e  t e n d s  t o  b e  a  m e r g i n g  o f  t a r g e t s  
i f  t h e  s e p a r a t i o n  d i s t a n c e  b e t w e e n  t h e m  i s  t o o  s m a l l .
I t s  m a i n  a d v a n t a g e s  a s  a  m e t h o d  a r e  t h a t  i t  i s  p u r e l y  o b j e c t i v e ,  
v e r y  s i m p l e  t o  a p p l y  a n d  w i l l  a l w a y s  g i v e  a  r e s u l t .  T a b l e s  5 . 1  a n d  
5 . 2  g i v e  a  s u m m a r y  o f  r e s u l t s  o b t a i n e d  u s i n g  t h i s  d e f i n i t i o n .  I t  i s  
h o w e v e r ,  f e l t  t h a t  t h e  d i s a d v a n t a g e s  f a r  o u t w e i g h  t h e  a d v a n t a g e s .
2 .  T o  o v e r c o m e  s o m e  o f  t h e  d i s a d v a n t a g e s  s u g g e s t e d  b y  t h e  f i r s t  
d e f i n i t i o n ,  a  s e c o n d  c r i t e r i o n  m i g h t  b e  t o  t a k e  t h e  d i s t a n c e  b e l o w  w h i c h  
o n l y  a n  a r b i t r a r y  f i g u r e  s u c h  a s  1 0 %  o r  5 %  o f  a l l  s h i p s  w i l l  g o .
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D i s t a n c e S E C T O R  1 S E C T O R  2 S E C T O R  3
f r o m
C e n t r e
N a u t i c a l
M i l e s
C u m u ­
l a t i v e
N u m b e r
P e r c e n t a g e s  
o f  T o t a l  t o
C u m u ­
l a t i v e
N u m b e r
P e r c e n t a g e s  
o f  T o t a l  t o
C u m u ­
l a t i v e
N u m b e r
P e r c e n t  
o f  T o t .
t a g e s  
a l  t o
o f
S h i p s
2 . 5 N . M . 5 . 0 N . M .
o f
S h i p s
2 . 5 N . M . 5 . 0 N . R
o f
S h i p s
2 . 5 N . M . 5 . 0 N . M .
0 . 1 0 0 . 0 0 . 0 0 0 . 0 0 . 0 0 0 . 0 0 . 0
0 . 2 3 0 . 8 0 . 3 0 0 . 0 0 . 0 2 0 . 7 0 . 3
0 . 3 7 1 . 9 0 . 6 1 0 . 2 0 . 1 5 1 . 8
0 . 7
0 . 4 7 1 . 9 0 . 6 4 1 . 0 0 . 3 6 2 . 2
0 . 8
0 . 5 9 2 . 4 0 . 8 9 2 . 2 0 . 8 1 2 4 . 4
1 . 6
0 . 6 1 2 3 . 2 1 . 0 1 1 2 . 7 0 . 9 1 8 6 . 5
2 . 3
0 . 7 1 4 3 . 8 1 . 2 1 9 4 . 6 1 . 6 2 2
8 . 0 2 . 9
0 . 8 2 0 5 . 4 1 . 7 2 8 6 . 8 2 . 4 3 4
1 2 . 4 4 . 4
0 . 9 2 9 7 . 8 2 . 5 3 7 9 . 0 3 . 1 4 5
1 6 . 4 5 . 9
1 . 0 4 1 1 1 . 0 3 . 5 5 3 1 3 . 0 4 . 5
5 2 1 8 . 9 6 . 8
1 . 1 5 0 1 3 . 4 4 . 3 6 3 1 5 . 4 5 . 3
6 1 2 2 . 2 7 . 9
1 . 2 6 6 1 7 . 7 5 . 6 8 3 2 0 . 3 7 . 0
6 9 2 5 . 1 9 . 0
1 . 3 8 2 2 2 . 0 7 . 0 9 5 2 3 . 2
8 . 0 8 2 2 9 . 8 1 0 . 7
1 . 4 9 8 2 6 . 3 8 . 3 1 1 3 2 7 . 6
9 . 6 9 0 3 2 . 7 1 1 . 7
1 . 5 1 1 5 3 0 . 8 9 . 8 1 2 9 3 1 . 5
1 0 . 9 1 0 4 3 7 . 8 1 3 . 5
1 . 6 1 3 2 3 5 . 4 1 1 . 2 1 5 4 3 7 . 7
1 3 . 0 1 2 1 4 4 . 0 1 5 . 7
T o t a l  
N u m b e r  o f 3 7 3 1 1 7 4 4 0 9
1 1 8 1 2 7 5 7 6 9
S h i p s
Distances Below which only a % of Ships Lie
aZ =  5 %
a %  =  1 0 %
Nautical Miles
N o t e s  ( s e e  p . 3 2 1 )
T A B L E  5 . 3
The Domange Calculations Taking 5% and 10%^ 
of the Cumulative Total of Ships to 2.5N,miles 
and S.ON.miles by Sector Simulator Data: 
all Exercises
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D i s t a n c e S E C T O R  1 S E C T O R  2 S E C T O R  3
f r o m
C e n t r e
N a u t i c a l
M i l e s
C u m u ­
l a t i v e
N u m b e r
P e r c e n t a g e s  
o f  T o t a l  t o
C u m u ­
l a t i v e
N u m b e r
P e r c e n t a g e s  
o f  T o t a l  t o
C u m u ­
l a t i v e
N u m b e r
P e r c e n t a g e s  
o f  T o t a l  t o
o f
S h i p s
2 . 5 N . H 5 . 0 N . M
o f
S h i p s
2 . 5 N . M 5 . 0 N . M
o f
S h i p s
2 . 5 N . M 5 . 0 N . M
0 . 1 0 0 . 0 0 . 0 0 0 . 0 0 . 0 0 0 . 0 0 . 0
0 . 2 0 0 . 0 0 . 0 1 0 . 5 0 . 2 1 0 . 4 0 . 1
0 . 3 1 0 . 4 0 . 2 3 1 . 6 0 . 7 2 0 . 7 0 . 3
0 . 4 1 0 . 4 0 . 2 4 2 . 2 0 . 9 3 1 . 1 0 . 4
0 . 5 4 1 . 8 0 . 7 6 4 . 3 1 . 3 7 2 . 6 1 . 0
0 . 6 7 3 . 1 1 . 3 6 4 . 3 1 . 3 1 0 3 . 7 1 . 4
0 . 7 1 1 4 . 8 2 . 1 1 2 6 . 6 2 . 7 1 4 5 . 1
2 . 0
0 . 8 1 6 7 . 0 3 . 0 1 4 7 . 7 3 . 1 2 4 8 . 8
3 . 4
0 . 9 1 9 8 . 3 3 . 6 1 7 9 . 3 3 . 8 2 8 1 0 . 3
3 . 9
1 . 0 2 6 1 1 . 4 4 . 9 1 9 1 0 . 4 4 . 3 4 1 1 5 . 1
5 . 8
1 . 1 3 9 1 7 . 1 7 . 3 3 1 1 6 . 9 7 . 0 5 8
2 1 . 3 8 . 1
1 . 2 4 6 2 0 . 2 8 . 6 4 1 2 2 . 4 9 . 2 7 2
2 6 . 5 1 0 . 1
1 . 3 5 2 2 2 . 8 9 . 7 4 8 2 6 . 2 1 0 . 8 8 3
3 0 . 5 1 1 . 7
1 . 4 6 2 2 7 . 2 1 1 . 6 5 0 2 7 . 3 1 1 . 2 9 7
3 5 . 7 1 3 . 6
1 . 5 7 5 3 2 . 9 1 4 . 0 5 8 3 1 . 7 1 3 . 0
1 1 6 4 2 . 6 1 6 . 3
1 . 6 8 3 3 6 . 4 1 5 . 5 6 9 3 7 . 7 1 5 . 5
1 2 8 4 7 . 1 1 8 . 0
T o t a l
N u m b e r  o f 2 2 3 5 3 4 1 8 3
4 4 6 2 7 2 7 1 2
S h i p s
D i s t a n c e s  B e l o w  w h i c h  o n l y  a  % o f  S h i p s  L i e
N a u t i c a l  M i l e s
a %  =  5 % 0 . 7 1 1 . 0 1
0 . 6 3 1 . 0 3 0 . 6 9 0 . 9 6
a %  =  1 0 % 0 . 9 5 1 . 3 2
0 . 9 6 1 . 2 5 0 . 8 8 1 . 2 0
N o t e s  ( s e e  p , 3 2 1 )
T A B L E  5 . 4
T h e  D o m a n g e  C a l c u l a t i o n s  T a k i n g  5 %  a n d  1 0 %  o f  t h e  
C u m u l a t i v e  T o t a l  o f  S h i p s  t o  2 . 5 N . m i l e s  a n d  5 . O N . m i l e s  
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This again is very simple to apply, is objective and will always 
yield a result. However it is perhaps too arbitrary as in stating 
that this is the boundary of an area within which navigators would 
rather not go, no attempt is made to consider the distribution of 
where they actually do go,
A practical consideration is brought about by the errors in the 
data and particularly the fall-off in numbers as the range increases.
This makes it difficult to decide on the percentage cut off and even 
more crucially on the area which should be used to base the totals on 
for calculation of the percentages. This point is illustrated in 
Tables 5.3 and 5.4. Five nautical miles was chosen as one base range 
for the area since ships with nearest approaches of that order will 
hardly be concerned about each other. The other base range of 2.5 
nautical miles was chosen since examination of the raw data suggested 
that the larger errors began after this distance (see p. 78 ).
The advantages and disadvantages of this method are such that, if 
using another definition the dimensions of the domain can be established, 
less arbitrary decisions could be made on the suitable percentage and 
base area to take and hence the domanges calculated. Tables 5.5 and
5.6 give some results using 5% of the total to 5 nautical miles. The 
complete results by exercise are given in Table V.1, Appendix V. By 
comparison with later results, to take 10% of the total distribution 
to 2.5 nautical miles was considered to give a better solution for the 
larger categories. However, this did not always yield a solution as 
the tables V.2 and V.3 (Appendix V) show.
3. Fujii and Tanaka (1971)^^^^ define the domange to be the distance 
from the central ship at which the density around it is maximised.
They compare the ship situation with the physical situation of two 
particles with like electric charges approaching each other. The 
repulsive force increases as the separation decreases. Thus one can 
assume a potential field around a ship which causes an imaginary 
repulsive force for approaching ships and a weak attractive force for 
distant ships. For a simplified situation where all sh^s are t r a v e U ^  
in the same direction. Fig. 5.2 gives a diagram of the wake lines of other 
ships around a central ship under this hypothesis. There however 
appears to be little logical basis why on average, ships at a certain 
distance should be attracted to^^^central ship. If one considers a 




expected density curve for one half of the cross-section^^O^ If the 
attractive force is working at a distance then the maximum density 
point will be more pronounced but even without it, the shape of the 
density curve will be basically the same. Thus if B is the point of 
maximum density, x^ will be the domange. This definition obviously 
takes into account the actions of the navigators by considering the 
distance to which a large number of ships which would seem to have_been 
affected by the presence of the central ship have been displaced 
V However, for practical purposes this distance is probably an over 
conservative value of the domange as ships would be willing to accept 
smaller distances without causing too many problems. In fact for all 
jthe ships at distances less than from the centre this is true.
Also the kurtosis of typical curves is such that the maximum is not 




further practical point on this definition is that it has been 
found easier to work with numbers of ships affected by the central ship
rather than directly with densities. If one modifies the definition
slightly to be the distance at which the numbers of ships are locally 
maximised during the displacement process (point D in Fig. 5.1), the
resulting doraange x^  ^will tend to be very close to x^ as defined above.
4. To produce a n»re realistic definition of a domange which provides 
the compromise between the minimum and maximum values considered and 
yet takes into account the behaviour of the ships, it is necessary to 
reconsider the original hypothesis (p. 85) that given a uniform density 
the number of ships at any point distance x from the centre can be 
represented by the line
y = 2ax ^
With reference to Fig. 5.1, point A is the first point at which the 
number of ships is what would have been expected and similarly the 
first point at which the density reaches the overall density level.
The second point at which this happens is point C by which point the 
disturbance is passed and from then onwards ideally the number of ships 
will follow the line. Thus point A, where for the first time the 
situation is equivalent to normal, would seem to provide the most 
satisfactory point for the domain boundary. It has the important 
advantage of a simple operational interpretation as marking a boundary, 
within which the presence of the central ship causes a depletion in the 
expected number of other ships and immediately outside which there is
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an enhancement in the expected number of other ships. A further 
advantage is that a crossing point such as A is easier to locate and 
is likely to be displaced less by noise than a maximum such as B. J 
It could also be argued that point C where the process is complete 
could also provide a definition for the domaiji^oundary. However, 
this is less suitable than the definitioi^jgivin^^oint A or Fujii's 
definition for two main reasons. One, it gives an even larger 
domange and secondly, in practice it will be far more difficult to 
locate.
F'T •
Having found a definition of the domange in terms of the existing 
physical situation the next stage is to find a convenient way of 
estimating it.
POSSIBLE METHODS OF CALCULATING THE DOMANGE 
GRAPHICAL METHODS
One approach to the problem is to estimate the domange by 
graphical methods. As was discussed previously the data found was 
subject to a great deal of random variation so various methods of 
smoothing were tried on a representative sample of the data.
A\
Let E(x) be the smoothed value ) ^
Y(x) be the actual value ' A
o>‘
An exponential smoothing of the type
E(x) = aY(x) + (1 - a) E(x - 1) (29 )
was tried for values of a between 0.1 and 0.9. The most satisfactory 
value was a = 0.4 by inspection. However it was decided that this 
method is not reaUy stable in this situation as it relies only on 
past data whereas in these circumstances since both "future" and 
"past" values of x are known a more efficient method would make use 
of this. Additionally, although the low value of a_gave a smoother 
curve, it delayed the response to changes to some extent so that 
some the iir^ o^rtant features of the curve were shifted to a higher 
value of X .  The smoothed curve was started in each case with a value 
of 0. Comparison of Fig. 5.4 showing the actual data for one set of 
circumstances with Fig. 5.5 showing the same data exponentially 
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B. A weighted moving average with variable weights
E(x) - i Y ( x - 2 )  + iv(x-l) + | y (x) + i Y ( x + 1) + i v ( x  + 2)
H.U* •This average takes into account both proceeding and siiceeding events 
but more weight is given to values at the centre of the average than 
to those further away.
C. A weighted moving average with fixed weights
E(x) = jY(x-2) + | y (x - 1) + jY(x) + | y (x + 1) + iY(x + 2)
There is no discernible pattern in the data so the choice of number of 
periods to be included is not immediately obvious and a decision must 
be made between simplicity and the number of periods likely to be 
relevant. five seemed to be the most suitable.
Con5>arison of Fig. 5.A (actual data) with Fig. 5.5 (moving 
average with variable weights) and Fig. 5.6 (moving average with fixed 
weights) suggests that the moving average with fixed weights gives the 
more satisfactory curve. Indeed a further comparison among all three 
types of smoothed curve suggests that this is the most suitable one of 
all, since the practical results might not be very different but 
bearing in mind that this is the simplest of all to calculate. Further 
sets of smoothed curves for the other two sectors of the simulator 
data and all three sectors for one survey are given in Appendix V 
(Figs V.l-V.10.)
Having found a way of satisfactorily smoothing the data, a line 
representing the uniform density situation must be drawn on the graph. 
It is however not certain what is random variation and what is caused 
by the displacement process in the formation of a domain. Hence to 
fit a line by a traditional method such as least squares is 
inappropriate in this situation.
One solution is to draw subjectively a line of best fit.
A second solution is to attempt to get an estimate of a, for the 
line of uniform density y = 2ax. The total number of ships expected 




SECTOR 1 SECTOR 2 SECTOR 3
A; SIMULATOR DATA: ALL EXERCISES
“ Distance at which number of ships first 
equals expected number
^^ ^^ ic^ i^ne by calculation 1.37 1.35 0.45
w Line of best fit 1.04 1.35 0.45
Xjj - Distance at which number of ships is locally 
maximised
2.05 1.85 0.65
B: SUNK SURVEY DATA: SUR\T:Y 2
- Distance at which number of ships first equals 
expected number
Line by calculation 0.84 0.85 0.70
Line of best fit 0.84 0.85 0.65
x^ - Distance at which number of ships is locally 
maximised
2.45 1.95 1.25
Notes (see p. 321)
TABLE 5.7 The Domain Boundaries in Nautical Miles Obtained 
by Graphical Methods Using Different Definitions 
(4 and 3).
A: Simulator Data and B: Sunk Data, Survey 2
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Hence if a suitable value of can be found and represents the 
cumulative total of ships in that area
= a
Inspection of the curves suggest that x. = 2.5 n.miles is in most 
cases a suitable value to take. After the line is plotted, the 
domange can be read, and using this method the domange by definition 
4(point A of Fig. 5.1) or definition 3(point D of Fig. 5.1) could be 
found. Fig 5.6 and Figs.V.11—V.15(Appendix V )give an illustration 
of this method while Table 5.7 gives a summary of the limited results 
obtained using it.
Although relatively simple, this graphical approach does howevery
^ major disadvantage of subjectivity, in the choice of x^ or in 
4  the fitting of the line.
2. ALGEBRAIC EQUATION OF DISPLACEMENT CURVE
Accepting definition 4 as the most reasonable one and given that 
a graphical method is too subjective the problem is to estimate points 
A and C and the slope of the line 2a with the very noisy data available.
Various attempts were made to fit a curve that might produce 
reasonable results. However, the form of the curve that should be 
taken was not immediately obvious as there were so many unknown 
parameters. The most reasonable equation seemed to be that of a sine 
curve superimposed on the straight line as the sine curve has the auto­
matic property of producing decreases than increases.
Thus with reference to Fig. 5.7 the equation tried was
irxy = 2ax - 3 sin —Y 0 ^ X ^  2y
If when X = 0 the curve is parallel to the x axis
O Bit ttx2 a ----cos —Y Y




(i) Possible form of displacement around uniform density line
(ii) The associated Distribution of Ships
FIG, 5.7 A sine curve form displacement and its extension 
to give a possible distribution of ships around 
a central ship
- 106 -
•. y = 2ax - ^  sin ~  0 x 2y
y = 2ax 2y < X
second constraint in this equation is that at^^^y x = y and at 
^ x  « 2y which is probably not necessarily true.
\ 1
t'
If one considers the fit of this curve up to a point where
thenx = Xp, where x^ > 2y;
(1) Number of ships 2ax 2ay . TTx ,— --*- sin —  dx ^TT
0
= ax. (for Xp > 2y)








+ 1 _ 
J "
Equating observed and expected means
2xF
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Tables 5.8 and 5.9 show results that were obtained using this
method taking x = 2.5 n.miles. However the data was in many cases
r
too poor to produce any results, particularly if the fall-off after the 
domain effect was too great. It is also felt that a choice of 2.5 
n.miles is too arbitrary a figure. Table 5.10 illustrates the variety 
of results that may be obtained for one set of circumstances, fitting 
the curve up to 1.0, 1.5, 2.0 and 2.5 miles respectively. This is 
again a reflection of the poor quality of the data. Additionally the 
choice of 2.5 n.miles will not always mean that the displacement process 
is over by then as later results will show. Thus the results obtained 
are not always under the correct assun5>tions. ^ •
V %
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y = 2ax - sin ~  0 ^ x ^  2y
y = 2ax 2y
second constraint in this equation is that at^^^^ x = y and at 
^ x  *= 2y which is probably not necessarily true.
A
If one considers the fit of this curve up to a point where
then
(1) Number of ships = / , 2ax - sin —  dx /TT Y
X = Xp, where x^ > 2y;
= ax^ (for Xp ^ 2y)
(2) Mean of distribution of ships =
<L/
2ax - 2oyxTT








Equating observed and expected means
2 2xX • Xj. = +
IT
f-  2 2 3l TT^X Xp -■ 3 Xp J ^
where x is the observed mean of the 
distribution of ships
-3 ^ ^  X - "Vjlil'T
X sTO . / _
) ~  = r
t t  ("i - / T ir-S'(x-I. (•)]
Tables 5.8 and 5.9 show results that were obtained using this 
method taking x = 2.5 n.miles. However the data was in many cases
too poor to produce any results, particularly if the fall-off after the 
domain effect was too great. It is also felt that a choice of 2.5 
n.miles is too arbitrary a figure. Table 5.10 illustrates the variety 
of results that may be obtained for one set of circumstances, fitting 
the curve up to 1.0, 1.5, 2.0 and 2.5 miles respectively. This is 
again a reflection of the poor quality of the data. Additionally the 
choice of 2.5 n.miles will not always mean that the displacement process 
is over by then as later results will show. Thus the results obtained 










Sector 1 0.88 1.71 137
Sector 2 - 1.65 158
Sector 3 0.96 1.73 265
SURVEY 2
Sector 1 1.12 1.76 228
Sector 2 0.70 1.69 183
Sector 3 - 1.63 272
SURVEY 3
Sector 1 0.36 1.67 165
Sector 2 1.61 197
Sector 3 - 1.60 248
Notes (see p.32l)
- No value obtainable
\
/ 1
TABLE 5.9 Values of Domange Using a Sine Curve 
















Curve fitted to x^ . = 1.0 n.miles
Sector 1 0.38 22 0.69 0.67
Sector 2 0.67 24 0.76 0.67
Sector 3 - 25 0.61 0.67
Curve fitted to x„ = 1.5F n.miles
Sector 1 0.71 63 1.06 1.00
Sector 2 0.30 49 1.01 1.00
Sector 3 - 47 0.94 1.00
Curve fitted to x = 2.0r n.miles
Sector 1 0.46 105 1.34 1.33
Sector 2 - 80 1.30 1.33
Sector 3 - 84 1.30 1.33
Curve fitted to x^ = 2.5F n.miles
Sector 1 - 142 1.57 1.67
Sector 2 - ’ 104 1.53 1.67
Sector 3 - 1 114 1.54 1.67
Notes (see p.321)
- No value obtainable
TABLE 5.10 Values of the Domange in Nautical Miles 
Using a Sine Curve Approximation Fitted to 
Different Distances by Sector Simulator 
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Another interesting point is that it was difficult to get any 
results for sector 3 suggesting that in this sector a sine curve is 
certainly not a suitable model for displacement»
It is however felt that an approach of this type should in theory 
be very useful. A possible future line of research might be the 
development of an analytic curve to fit the data.
Another approach considered on these lines was to develop a
model in terms of the displacement of each individual ship rather than
^ curve to the resulting pattern. A very simple assumption
would be to say that for each ship that would be closer than x. milesA
to the central ship the desired separation distance will become xA
miles but there will be a normal distribution of distance about x .
However, ships at a distance of just greater than x miles are likelyA
to be displaced slightly as well, so that the picture becomes rather 
confused. If one assumes that ships at a separation distance greater 
than or equal to jx^Wles are not displaced then the resulting 
distribution would^e as in Fig. 5.8. This does not appear to be the 
resulting pattern and obviously the assumption is a great over­
simplification of the pattern. Methods on this basis have therefore 
not been pursued further.
4 ^
3. METHOD OF DISPL.\CED NUMBERS
(i) Description of the Method
The most satisfactory single method developed makes no 
assumptions on what the resulting displacements look like but uses the 
fact that when point C is reached (Fig^^^p the total number of ships in 
the area defined by x < x^ will equal the total nuirber of ships
X
expected in the area given a uniform d^sity. 
ships in the i^^
Let y^ be the number of
band from the centre with outside radius x. and mean1
radius m. = *i-l ’SL
 ^ 2 .1 • ^
If y = 2ax is thei^time
ships, the total ni
width X .  is 1
jiven uniform density for the distribution of 
of ships expected in the total area of outer
2ax dx = ax.
0
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Number of ships expected in band i 
xi




= a(x^ - x^_^)(2m^)
For equal width bands (x^ — x^ = constant
= .1 n.miles for this data
•• an estimate of a is given by
. .th . " ( f  ^ Of,•• to edge of i band an estimate of the expected number of ships
=





” thus is the actual number of ships to the edge 
. thof the i band.
• • ^Hence the distance x„ is given by x^ = x.C ° C l
where x. is the first point where C. = T.,1 1 1
For successive values of i, C. and T. can be calculated and hence the 
point Cfound(x. , y^*)• By joining (x^*, y^*) to the origin the line 
of uniform density can be seen and the point of intersection between 
the line and the plotted curve of observed values is the point A.
Hence the value of the domange x^ can be read off. In practice, a few 
modifications can be made to the method, to help in the determination
(a) As the determination of the domange depends on a graphical approach 
ultimately, it is better to smooth the data first, substituting y . forS1
y., where y . is the smoothed value. It was decided that in this case •'i* -^ si
it was better to use a shorter period moving average to make it easier 
to locate point C, Since x^ is expected to be about 2,5 n.miles, the 
end of the displacement process and the fall off in data became too 
easily confused if the data is too smooth. Even at smaller distances, 
the longer period moving averages tended to make the results less 
sensitive. Thus the moving average used was
y . = —(x .  , + X. + X. ) .  •^si 3 1-1 1 i+l
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since equal weights were simpler to calculate and give a smoother
result than one having variable weights such as y . = ix. + 4x. + ix
■'sx 1-1  ^ 1 * i+1
Then m.
(b) There should be more than one point where ~ after the 
initial point, since the hypothesis is that the data will differ only 
by random fluctuations from the uniform density line after the effect 
of the domain has worn off, although in practice there are other dis­
turbing influences preventing this after a certain point. However, 
there should be at least one further point confirming the findings. 
This can be useful in determining which point (x^*, y^*) to take if 
there appears to be a choice.
Table 5.11 together with Fig. 5.9 show the determination of the 
domange for a reasonably well behaved set of circumstances. T . isSI
consistently greater than C . until the band of outer radius 1 mile.SI
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Sign of





T . - C .si si
1 lA —
2 + 15 -
3 + 16 -
A + 17 +
5 + 18 +
6 + 19 -
7 + 20 -
8 + 21 -
9 + 22 -
10 _ * 23 -
11 - 2A -
12 + 25 -
13 + 26 -
Notes (see p.321 )
* (x^*, y^*) = (0.95* 8.3) point C
TABLE 5.11 Calculation of the Domain Boundary by 
the Method of Displaced Numbers 




(c) An unusually high or low value of y . with respect to the 
distance froiQ the centre can cause some doubt as to which really is 
point C. For instance, the presence of one or two ships very close 
to the central ship can give a very small value of x^*. It is 
considered that this should be ignored if it is based on a cumulative 
total of less than 10 ships provided the sample size overall is large 
enough. When reading the value of from the graph the initial 
peak may also cause complications here but it is suggested that it 
should again be ignored.
An illustration of this is given in Table 5.12 and Fig. 5.10.
The effect of the initial peak in this case is so marked as to make the 
value of C . larger than T . whereas in most cases it should be smaller.ox S X
It has been found in a situation such as this that the change of sign 
from - to + after 0.80 miles even though the cumulative total is 20 
ships should be ignored and point C located where there is a change of 
sign from + to in this case after 2.30 miles. The effect of the 










T . - C .SI SI
1 + 16 +
2 + 17 +
3 - 18 +
A - 19 +
5 - 20 +
6 - 21 +
7 — 22 +
8 + 23 - *
9 + 24 -
10 + 25 -
11 + 26 -
12 + 27 -
13 + 28 -
14 + 29 -
15 + 30 -
Notes (see p.32l)
* (x^*, y^*) = (2.25, 27) point C
TABLE 5.12 Calculation of the Domain Boundary by 
the Method of Displaced Numbers 
Simulator Data : All Exercises : Sector 1
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The effect can still be noticeable if the abnormal values occur 
at a greater distance from the central ship. Consideration of 
Table 5,13 and Fig. 5.11 shows the effect of this. The unsmoothed 
data is rather erratic about 1.2 nautical miles, and at a distance of
1.4 nautical miles the sign of T . C . changes for one value only. 
As the change is so temporary and the resulting line does not *fitV 
the data, it seems better to ignore it. Further work suggests that 










T . -  C .SI SI
1 16 +
2 17 +
3 + 18 +
4 + 19 +
5 + 20 +
6 + 21 +
7 + 22 +
8 + 23 +
9 + 24 +
10 + 25 +
11 + 26 _ *
12 + 27 -
13 + 28 -
14 - 29 -
15 + 30 -
Notes (see p.321)
* ^^i*» ^i*^ " (2.55, 17.7) point C
TABLE 5.13 Calculation of the Domain Boundary by 
the Method of Displaced Numbers 
Simulator Data ; Gibraltar : Sector 2
(d) If there is fluctuation around the value of the domange which is 
not readily resolvable,the mean value should be taken. Fig. 5.10 
provides a suitable illustration of this.
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(e) There may occasionally be circumstances when there is more than 
one point at which and rather conflicting results occur. It
has been found that it is usually possible to resolve the situation 
using one of the ideas mentioned above. If there are circumstances 
other than those which can be resolved by the methods mentioned above 
when the first and second points at which equality occurs do give .■ 
conflicting results, then the situation may have to be resolved r- 
subjectively.
vi
(ii) Advantages and Disadvantages of the Method
It is felt that this is the most satisfactory method developed 
so far because it takes into account the behaviour of the ships under 
the displacement hypothesis. It is thus superior to the more objective 
methods considered, which could be used in any situation and talce^^o 
notice of whether a domain is present or not. Because it is based on 
an objective principle, it is hence superior to a purely graphical 
approach. Its advantages over a curve fitting method are that it will 
yield results even with poor data and of course it is unnecessary to 
make any further assumptions about the form of displacement curve.
The calculations are readily con^uterised and the program used 
for this purpose is given in Appendix VIII.
However there are still disadvantages present. The main one is 
of course, that there is still a degree of subjectivity left both in 
the choice of point C and point A. Secondly, the method is not 
completely computer!sable since the final determination is by graphical 
methods. Although routines do exist for plotting graphs by computer, 
they are limited by the discrete spacing of characters in the print out. 
It was therefore considered better to plot the graphs by hand to 
increase the accuracy, although with any graphical method, accuracy is 
bound to suffer to some extent. Thus it is realized that the method 
is by no means ideal but at least it provides some results which for 
the roost part seem reasonably realistic. Table 5.1A provides a 
summary of results obtained londer different conditions.
It is considered that the results generally are of the right 
order and certainly they reflect a difference between the various 
navigational areas. One would expect much higher values in the Open 
Ocean where there is considerable freedom to manoeuvre, than in the
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Dover Strait where the amount of navigable water is severely 
restricted and there are many more ships around. It also seems 
reasonable that the values for the Dover Strait in poor visibility 
should be similar to those for the southern North Sea in good 
visibility. These points will be examined in much greater detail 
in the following chapter, but the values of the domanges are included 
here as examples of the method,
A summary of this method of displaced numbers is presented in 
Appendix V, together with further exan5>les of the resulting graphs.
Also given in Appendix V are the complete calculations for the three 
examples discussed in this chapter and whose results were summarised 
in tables 5,11, 5,12 and 5.13.
SLOPE METHOD
The final method which is considered worth mentioning is one to 
locate the best estimate of the slope of the line y - 2ax.
The total number of ships in the area with outer boundary, x^ i^^^oxT?
Thus if y^ is the number actually observed in the i^^ band and 
is the cumulative total in the area including and inside the i*^ band
r y Ci = L Vk. =K=1
Thus a =
Given the existence of a domain, the estimates of a, should thus vary 
with i. For small x^, the estimates of a will be small but they will 
gradually rise until they settle down to a stable level. If the 
stable level can be estimated, then this gives the necessary information 
to plot the line of uniform density. Unfortunately, because of the 
different processes present it is not easy to establish this level. 
However, it is useful for finding a rough estimate of o, and also of 
the location of point C, so it can provide a check for the results 
obtained by the previous method. As an illustration of this method, 
consider the situation represented in Fig. 5.10, viz:- simulator data, 
all exercises, sector 1. Table 5.15 below contains the successive
- ^iestimates of a made using the formula a = — ?














A ; 0 13 48.5 25 59.475.0 14 50.0 26 60.3
/  3 77.8 15 51.1 27 60.1
4 43.8 16 51.5 28 59.3
5 36.5 17 55.0 29 58.5
6 33.3 18 57.7 30 58.7
7 28.5 19 58.6 31 58.6
8 30.5 20 60.2 32 59.4
9 35.8 21 60.3 33 58.7
10 41.0 22 60.5 34 59.4
11 41.4 23 61.1 35 59.6
12 45.9 24 60. f3 36 58.6
Notes (see p.321) 
TABLE 5.15
[
Estimates of the Slope of the Line of Uniform 
Density for the Calculation of the Domange by 
the Slope Method: Simulator Data : All Exercises 
Sector 1.
For ^ 2.3 a can be considered to be increasing
AFor x^ > 3.6 a can be considered to be decreasing 
a is stable for 2.4 ^ x^ ^ 3.6 ^
Thus the mean value of a, a = 59.4, and point C is to be located at
x^ - 2.35 n.miles. For comparison purposes by the method of
displaced numbers C is found to be at x^ - 2.35 n.miles and a ~ 58.5.
A further example of this method using the situation shown in Fig. 5.9 
is given in Appendix V, With more data it might be possible to make 
more use of this method.
HYPOTHESIS TESTS FOR THE PRESENCE OF A DOMAIN
Once a line of uniform density has been established it is a 
desirable idea to test if the hypothesis of the presence of a domain 
is substantiated. Therefore it is required to test a null hypothesis
H : no domain exists and the underlying pattern is one of 
uniform density
against the alternative hypothesis 
H^: a domain exists
i
I U
“  1 2 3  -
A  m a x in iu n i  s i g n i f i c a n c e  l e v e l  o f  5 %  i s  c o n s i d e r e d  a p p r o p r i a t e *
I f  u n i f o n n  d e n s i t y  e x i s t s  t h e n  o n e  w o u ld  e x p e c t  t h e  p o i n t s  t o  b e  
r o u g h l y  i n  e q u a l  n u m b e r s  o n  e i t h e r  s i d e  o f  t h e  l i n e  o f  u n i f o r m  
d e n s i t y  w h e t h e r  t h e  d a t a  i s  s m o o t h e d  o r  n o t *  H o w e v e r  i f  a  d o m a in
e x i s t s  t h e n  f o r  x  <  x ^  ( d o m a n g e )  t h e  p o i n t s  w i l l  a l l  b e  b e lo w  t h e  
l i n e  a n d  f o r  x ^  <  x  <  x ^  ( x ^  “  e n d  o f  d i s p l a c e m e n t )  t h e  p o i n t s  w i l l  
a l l  b e  a b o v e  t h e  l i n e  ( s e e  F i g *  5 * 2 ) ,  A b o v e  x „  t h e  p o i n t s  w i l l  a g a i n  
b e  r a n d o m ly  s c a t t e r e d  w i t h  e q u a l  n u m b e r s  a p p r o x i m a t e l y  o n  e i t h e r  s i d e  
o f  t h e  l i n e *  T h u s  f o r  x  <  x ^  t h e  n u m b e r  o f  p o i n t s  i n  t h e  d i r e c t i o n  o f  
t h e  d o m a in  a n d  a g a i n s t  i t  c a n  b e  c o u n t e d *  U n d e r  i f  t h e  p o i n t s  a r e  
r a n d o m ly  s c a t t e r e d  a b o u t  t h e  l i n e  t h e n  e a c h  p o i n t  h a s  a n  e q u a l  c h a n c e  
o f  b e i n g  i n  t h e  d i r e c t i o n  o f  t h e  d o m a in  o r  a g a i n s t  i t *
T h u s  i f  Z  i s  a  r a n d o m  v a r i a b l e  d e n o t i n g  t h e  n u m b e r  o f  p o i n t s  o u t  
o f  n  i n  t h e  d i r e c t i o n  o f  t h e  d o m a in ,  Z  h a s  a  b i n o m i a l  d i s t r i b u t i o n  w i t h  
p a r a m e t e r s  n  a n d  ^ *
H e n c e  i f  z  i s  t h e  o b s e r v e d  v a l u e  o f  Z  t h e  p r o b a b i l i t y  ( Z  ^  z  | H ^  
i s  t r u e )  c a n  b e  e v a l u a t e d .  S i n c e  a  m a x im u m  s i g n i f i c a n c e  l e v e l  a  =  5 %  
i s  t o  b e  t a k e n ,  a n y  s i t u a t i o n  f o r  w h i c h  p r o b a b i l i t y  ( Z  ^  z  | H ^  i s  t r u e )  
<  * 0 5  c a n  b e  c o n s i d e r e d  t o  b e  s i g n i f i c a n t *  i  T h u ^ i t  m a y  b e  i n f e r r e d
t h a t  a  p a t t e r n  o t h e r  t h a n  u n i f o r m  d e n s i t y  m o s t  p r o b a b l y  e x i s t s  w h ic h  i s  
t h e  p a t t e r n  i n  t h e  p r e s e n c e  o f  t h e  d o m a in *
T a b l e  5 * 1 6  s h o w s  t h e  r e s u l t s  f o r  t h e  d i f f e r e n t  c l a s s e s  o f  s i m u l a t o r  
e x e r c i s e s  b y  s e c t o r  a r id  T a b l e  5 * 1 7  h a s  t h e  s i m i l a r  r e s u l t s  f o r  t h e  t h r e e  
S u n k  s u r v e y s  b y  s e c t o r *  T h e  f i r s t  t w o  c o lu m n s  i n  e a c h  o f  t h e  t a b l e s  
s h o w  t h e  n u m b e r  o f  v a l u e s  o f  t h e  d i s t r i b u t i o n s  o f  s h i p s  a r o u n d  t h e  
c e n t r a l  s h i p  w h i c h  l i e  i n  t h e  d i r e c t i o n  e x p e c t e d  b y  t h e  d o m a in  a n d  
a g a i n s t  t h e  d i r e c t i o n  e x p e c t e d  b y  t h e  d o m a in  r e s p e c t i v e l y  f o r  a l l  x  <  x ^ ,  
i s  a  v a r i a b l e  f o r  e a c h  s i t u a t i o n  h e n c e  t h e  t o t a l  n u m b e r  o f  v a l u e s  
s h o w n  i n  t h e  t h i r d  c o lu m n  i s  d i f f e r e n t  f o r  e a c h  s i t u a t i o n .  T h e  f i n a l  
c o lu m n  c o n t a i n s  t h e  p r o b a b i l i t y  ( Z  ^  z  | H ^  i s  t r u e )  a s  d e f i n e d  a b o v e *
O f  t h e  2 4  r e s u l t s ,  o n l y  o n e  i s  n o n - s i g n i f i c a n t ,  w h i c h  f a c t  m u s t  i n  
i t s e l f  p r o v i d e  c o n v i n c i n g  e v id e n c e  o f  t h e  p r e s e n c e  o f  t h e  d o m a in *  T h e  
o n e  c o n t r a r y  r e s u l t ,  D o v e r  S t r a i t  e x e r c i s e s .  S e c t o r  3 ,  i s  i n  a n y  c a s e  
c o n s i d e r e d  t o  h a v e  a n  u n r e a l i s t i c  v a l u e  f o r  t h e  d o m a n g e .  T h e  o t h e r  
v a l u e s  a r e  n e a r l y  a l l  v e r y  m u c h  l e s s  t h a n  t h e  c r i t i c a l  v a l u e  o f  . 0 5 *  
I d e a l l y  o n e  w o u ld  l i k e  t o  t e s t  t h e  v a l u e s  f o r  x  >  x^^ t o  s e e  i f  t h e y  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  u n i f o r m  d e n s i t y ,  b u t  t h i s  i s  n o t  p r a c t i c a l  
b e c a u s e  o f  t h e  f a l l  o f f  i n  d a t a *
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S i m u l a t o r
D a t a
N a  o f  V a l u e s  
i n  t h e
D i r e c t i o n  o f  
t h e  D o m a in
N a  o f  V a l u e s  
a g a i n s t  
t h e
D o m a in
T o t a l  N o .  
o f  V a l u e s
P r o b a b i l i t y
A L L  E X E R C I S E S
S e c t o r  1 1 8 4 22 .0022
S e c t o r  2 2 6 1 2 7 .0000
S e c t o r  3 8 1 9 . 0 1 9 5
D O V E R  S T R A I T
S e c t o r  1 1 4 1 1 5 . 0 0 0 5
S e c t o r  2 11 0 1 1 . 0 0 0 5
S e c t o r  3 4 0 4 . 0 6 2 5 n ,
G I B R A L T A R
S e c t o r  1 2 1 1 22 .0000
S e c t o r  2 2 3 2 2 5 .0000
S e c t o r  3 10 0 10 .0 0 10
O P E N  O C E A N
S e c t o r  1 3 8 0 3 8 .0000
S e c t o r  2 3 7 3 4 0 .0000
S e c t o r  3 1 1 2 1 3 .0 1 1 2
N o t e s  ( s e e  p .  3 2 1 )
T A B L E  5 . 1 6  R e s u l t s  o f  H y p o t h e s i s  T e s t s  o n  t h e  P r e s e n c e  o f  
a  D o m a in :  S i m u l a t o r  D a t a  b y  S e c t o r  a n d  b y  T y p e  
o f  S e a  A r e a
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S T A N D A R D  E R R O R S  O F  T H E  D O M A IN  B O U N D A R IE S
S i n c e  t h e  r e s u l t s  o b t a i n e d  a r e  o b v i o u s l y  s a m p le  r e s u l t s ,  t h e y  
p r o v i d e  o n l y  a  p o i n t  e s t i m a t e  o f  t h e  t r u e  f i g u r e s  f o r  t h e  d o m a in  
b o u n d a r y .  I t  w o u ld  t h u s  b e  u s e f u l  i f  c o n f i d e n c e  i n t e r v a l s  c o u l d  b e  
e s t a b l i s h e d  f o r  t h e  p o p u l a t i o n  r e s u l t s .  T o  d o  t h i s ^  h o w e v e r » t h e  
s a m p l i n g  d i s t r i b u t i o n  o f  t h e  d o m a in  b o u n d a r y  m u s t  b e  i n v e s t i g a t e d .
O n e  a p p r o a c h  t r i e d  u s i n g  t h e  s u n k  d a t a  w a s  t o  t a k e  r a n d o m  s a m p le s  
o f  f o u r  h o u r s  a n d  t o  a t t e m p t  t o  c a l c u l a t e  t h e  d o m a in  b o u n d a r y  f o r  e a c h  
s a m p l e .  H o w e v e r  t h i s  p r o v e d  r a t h e r  u n s u c c e s s f u l  a s  t h e  s a m p le  s i z e s  
w e r e  s m a l l .  A s  t h e  s i z e  o f  t h e  s a m p le  i s  o b v i o u s l y  a  r e l e v a n t  f a c t o r ,  
t h i s  w a s  h a r d l y  s u r p r i s i n g .
T h e  s e c o n d  a p p r o a c h  i n v o l v e d  m a k in g  a n  a s s u m p t i o n  a b o u t  t h e  f o r m  
o f  t h e  u n d e r l y i n g  d i s t r i b u t i o n  i n  t h e  p r e s e n c e  o f  t h e  d o m a in .  I n  a n  
e a r l i e r  s e c t i o n  ( p . l l l )  i t  w a s  s u g g e s t e d  t h a t  a n  o v e r s i m p l i f i c a t i o n  o f  
t h e  p r o c e s s  m i g h t  b e  t o  i m a g i n e  a  d i s t a n c e  f r o m  t h e  c e n t r a l  s h i p ,  
w h e r e b y  a l l  s h i p s  a t  a  d i s t a n c e  g r e a t e r  t h a n  w e r e  n o t  a f f e c t e d  a t  a l l ,  
a n d  t h o s e  a t  a  d i s t a n c e  o f  l e s s  t h a n  x ^  w e r e  d i s p l a c e d  t o  x ^  w i t h  a  
n o r m a l  d i s t r i b u t i o n  a b o u t  t h a t  p o i n t .  T h i s  o b v i o u s l y  r e q u i r e s  p e r f e c t  
i n f o r m a t i o n  a s  t o  w h e r e  e a c h  s h i p  i s  w i t h  r e s p e c t  t o  t h e  c e n t r a l  s h i p .
A l t h o u g h  d i s m i s s e d  i n  c o n n e c t i o n  w i t h  t h e  c a l c u l a t i o n  o f  t h e  
d o m a in  b o u n d a r y ,  i t  i s  f e l t  t h a t  i s  m i g h t  p r o v i d e  a  b a s i s  f o r  s o m e  
i n d i c a t i o n  o f  t h e  v a r i a b i l i t y  o f  t h e  r e s u l t s .
W i t h  r e f e r e n c e  t o  F i g ,  5 . 8 ,  i f  x ^  i s  t h e  d i s t a n c e  a r o u n d  w h i c h  t h e  
n o n n a l  d i s t r i b u t i o n  i s  c e n t r e d ,  c o n f id e n c e  i n t e r v a l s  f o r  x ^  a r e  g i v e n  b y
w h e r e  x ^  i s  t h e  v a l u e  o f  x ^  f r o m  t h e  s a m p le  r e s u l t s
i s  t h e  e s t i m a t e d  v a r i a n c e  a m o n g  t h e  s h i p s  w h i c h  a r e  d i s p l a c e d
n  i s  t h e  n u m b e r  o f  s h i p s  d i s p l a c e d
a n d  z  i s  t h e  p r o b a b i l i t y  f a c t o r  d e r i v e d  f r o m  s t a n d a r d  n o r m a l
^  t a b l e s  i f  t h e  s a m p le  i s  l a r g e  e n o u g h  a n d  f r o m  * t *  t a b l e s  i f  n o t .
I t  w a s  d e c id e d  t h a t  t h e  b e s t  e s t i m a t e  o f  a w o u ld  b e  t o  t a k e  t h e  
s t a n d a r d  d e v i a t i o n  o f  a l l  t h e  s h i p s  w i t h i n  a  d i s t a n c e  0 ^  x  x ^  f r o m  
t h e  c e n t r a l  s h i p .  T h i s  i s  o b v i o u s l y  n o t  c o r r e c t  a s  m a n y  o f  t h e  s h i p s  
i n  t h e  a r e a  s o  d e f i n e d  a r e  n o t  i n v o l v e d  i n  t h e  d i s p l a c e m e n t  p r o c e s s  b u t
-  1 2 7  -
i t  p r o b a b l y  o v e r e s t i m a t e s  o  w h ic h  i s  w i s e s t  i n  t h e s e  c i r c u m s t a n c e s .
T o  e s t i m a t e  n ,  u s e  w a s  o n c e  m o r e  m a d e  o f  t h e  e q u a t i o n  t h a t  t h e
n u m b e r  o f  s h i p s  e x p e c t e d  i n  a  t o t a l  a r e a  o f  o u t e r  r a d i u s  x .  u n d e r
• 2 ^
u n i f o r m  d e n s i t y  i s  a x ^  .






T h e r e f o r e  t h e  c u m u l a t i v e  t o t a l  t o  x .  =  n / i s  g i v e n  b y  n  *= C ,
x ^  a n d  3^  a r e  a s  f o u n d  b y  t h e  m e t h o d  o f  d i s p l a c e d  n u m b e r s .
T a b l e  5 , 1 8  g i v e s  a  s u m m a r y  o f  t h e  v a l u e s  o f  t h e  s t a n d a r d  e r r o r s
/
f o u n d  b y  t h i s  m e t h o d  t o g e t h e r  w i t h  t h e  d o m a in  b o u n d a r i e s .
/ V
F o r  9 5 %  c o n f i d e n c e  i n t e r v a l s ,  w h e n  t h e  s a m p le  i s  l a r g e  z ^  =  l , 9 6 - 2 .  
T h u s  a n  i n t e r v a l  o f  2 x  s t a n d a r d  e r r o r  a r o u n d  t h e  v a l u e  o f  t h e  d o m a in  
b o u n d a r y  q u o t e d  g i v e s  s o m e  e s t i m a t e  o f  t h e  e x p e c t e d  v a r i a b i l i t y .  I f  
t h e  s a m p le  s i z e  i s  s m a l l  t h e n  u s e  o f  t h e  * t '  d i s t r i b u t i o n  w i l l  i n  f a c t  
g i v e  a  w i d e r  i n t e r v a l .  F u r t h e r  d e t a i l s  o n  t h e  s a m p le  s i z e s  i s  g i v e n  
i n  t a b l e  V . 8 ( A p p e n d ix  V ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e s u l t  
f o r  t h e  s i m u l a t o r  d a t a :  D o v e r  S t r a i t ,  S e c t o r  3 ,  h a s  a  l a r g e  s t a n d a r d  
e r r o r  a t t a c h e d  t o  i t ,  a n d  t h e  r e s u l t  o f  t h e  h y p o t h e s i s  t e s t  d i d  n o t  
i n d i c a t e  t h e  p r e s e n c e  o f  t h e  d o m a in .  A l s o  o f  i n t e r e s t  i s  t h e  f a c t  
t h a t  t h e  v a l u e s  f o r  t h e  S u n k  s u r v e y s  a l l  c o m b in e d  a r e  l e s s  t h a n  t h e  
v a l u e s  f o r  a l l  e x e r c i s e s  i n  t h e  s i m u l a t o r  d a t a  c o m b in e d .  T h i s  w a s  t o  
b e  e x p e c t e d  a s  t h e r e  i s  m o r e  v a r i a t i o n  a m o n g  t h e  t y p e s  o f  e x e r c i s e s  t h a n  
a m o n g  t h e  s u r v e y s .
T h e r e  a r e  o b v i o u s l y  v a r i o u s  s o u r c e s  o f  e r r o r  i n  t h i s  a p p r o a c h ;
v i z .  t h e  u n d e r l y i n g  a s s u m p t i o n ,  t h e  e s t i m a t i o n  o f  a ,  a n d  t h e  e s t i m a t i o n
o f  n  s i n c e  b o t h  x  a n d  x »  a r e  e s t i m a t e d  d i s t a n c e s .  T h u s  i t  i s  f e l t
C
t h a t  c o n s i d e r a b l e  r e l i a n c e  c a n n o t  b e  p u t  o n  t h e s e  s t a n d a r d  e r r o r s  b u t  
t h e y  d o  a t  l e a s t  p r o v i d e  a n  a p p r o x i m a t i o n  t o  t h e  d e g r e e  o f  v a r i a b i l i t y  
p r e s e n t .  V e r y  m u c h  m o r e  d a t a  i s  n e e d e d  f o r  t h i s  w h o le  c o n c e p t  t o  b e  
i n v e s t i g a t e d  f u r t h e r .
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S U M M A R Y
I n  t h i s  c h a p t e r  t h e  i m p o r t a n t  q u e s t i o n s  o f  h o w  t o  d e f i n e  t h e  d o m a in  
a n d  t h e n  h o w  t o  e v a l u a t e  i t  h a v e  b e e n  c o n s i d e r e d .
/
T h e  v a r i o u s  d e f i n i t i o n s  f o r  t h e  d o m a n g e  l o o k e d  a t  w e r e :
( 1 )  t h e  m in im u m  d i s t a n c e  s h i p s  a p p r o a c h  e a c h  o t h e r ,
( 2 )  v a r i o u s  p e r c e n t i l e s  o f  t h e  d i s t r i b u t i o n  o f  s e p a r a t i o n  b e t w e e n  
s h i p s ,
( 3 )  t h e  d i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a t  w h ic h  t h e  d e n s i t y  w a s  
l o c a l l y  m a x i m i s e d  b e c a u s e  o f  t h e  d i s p l a c e m e n t  o f  t h e  n e a r  s h i p s ,
( 4 )  t h e  d i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a t  w h i c h  t h e  o b s e r v e d  d e n s i t y  
l e v e l  f i r s t  r e a c h e s  t h e  o v e r a l l  d e n s i t y  l e v e l .
T h e  c o n c l u s i o n  r e a c h e d  i s  t h a t  t h e  l a s t  o f  t h e s e  d e f i n i t i o n s  i s  t h e
m o s t  s u i t a b l e .
T h e  m e t h o d s  o f  e v a l u a t i o n  t h e n  c o n s i d e r e d  w e r e :
( 1 )  a  p u r e l y  g r a p h i c a l  a p p r o a c h ,
( 2 )  a n  a n a l y t i c a l  a p p r o a c h  i n v o l v i n g  a s s u n 5) t i o n s  a s  t o  t h e  
a l g e b r a i c  e q u a t i o n  o f  t h e  d i s p l a c e m e n t  c u r v e ,
( 3 )  T h e  m e t h o d  o f  d i s p l a c e d  n u m b e r s ,  w h e r e b y  t h e  e n d  o f  t h e  
d i s p l a c e m e n t  p r o c e s s  i s  l o c a t e d  n u m e r i c a l l y  a n d  t h e  d o m a in  
b o u n d a r y  i s  t h e n  r e a d  f r o m  a  g r a p h .
( 4 )  T h e  s l o p e  m e t h o d ,  w h e r e b y  d i f f e r e n t  e s t i m a t e s  o f  t h e  s l o p e  
o f  t h e  l i n e  o f  u n i f o r m  d e n s i t y  a r e  c a l c u l a t e d ,  s o  t h a t  t h i s  
c a n  t h e n  b e  d r a w n  a n d  t h e  d o m a in  b o u n d a r y  a g a i n  r e a d  f r o m
a  g r a p h .
T h e  t h i r d  o f  t h e s e  m e t h o d s ,  t h e  m e t h o d  o f  d i s p l a c e d  n u m b e r s  w a s  
c o n s i d e r e d  t o  b e  t h e  m o s t  u s e f u l  w i t h  t h e  e x i s t i n g  d a t a .
T h e  f i n a l  p a r t  o f  t h e  c h a p t e r  d e a l t  w i t h  t e s t s  o f  h y p o t h e s e s  o n  
t h e  e x i s t e n c e  o f  a  d o m a in  a n d  t h e  p o s s i b i l i t y  o f  e v a l u a t i n g  s t a n d a r d  
e r r o r s  f o r  t h e  d o m a in  b o u n d a r y .
T h e  m a in  i n p o r t a n c e  o f  t h i s  c h a p t e r  h a s  b e e n  i n  t h e  e s t a b l i s h m e n t  
o f  t h e  t e c h n i q u e s  p o s s i b l y  r a t h e r  t h a n  i n  t h e  a c t u a l  r e s u l t s  o b t a in e d  
w h i c h  a r e  o b v i o u s l y  a f f e c t e d  b y  t h e  q u a l i t y  a n d  q u a n t i t y  o f  a v a i l a b l e  
d a t a .  T h e  r e s u l t s  q u o t e d  a r e  f o r  t h e  m o s t  p u r e l y  i l l u s t r a t i v e ;  a  
d i s c u s s i o n  o f  w h y  t h e y  s h o u l d  d i f f e r  f r o m  e a c h  o t h e r  w i l l  b e  g i v e n  i n  
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G E N E R A L  M E T H O D
T h e  f i r s t  s t e p  w a s  t o  o b t a i n  t h e  a p p r o p r i a t e  d i s t r i b u t i o n s  o f  
n u m b e r s  o f  s h i p s  f o r  t h e  p a r t i c u l a r  v a l u e s  o f  t h e  in d e p e n d e n t  v a r i a b l e  
u n d e r  e x a m i n a t i o n .  T h u s  i f  t h e  g r o s s  t o n n a g e  o f  t h e  c e n t r a l  s h i p  w a s  
b e i n g  c o n s i d e r e d ,  t h e  d i s t r i b u t i o n  o f  o t h e r  s h i p s  b y  d i s t a n c e  f r o m  a l l  
c e n t r a l  s h i p s  o f  t h e  s a m e  g r o s s  t o n n a g e  c l a s s  w a s  p r o d u c e d  s e p a r a t e l y  
f o r  e a c h  s e c t o r .  T h i s  w a s  t h e n  r e p e a t e d  f o r  e a c h  o f  t h e  g r o s s  t o n n a g e  
d i v i s i o n s  b e i n g  c o n s i d e r e d .  A  s e l e c t i o n  o f  t h e  p r o g r a m s  u s e d  t o  
p r o d u c e  t h e  d i s t r i b u t i o n s  f o r  t h e  d i f f e r e n t  v a r i a b l e s  a r e  g i v e n  i n  
A p p e n d i x  V I I I .  F o r  b o t h  S u n k  s u r v e y  a n d  s i m u l a t o r  d a t a ,  t h e  s a m e  
e x c l u s i o n s  a s  c e n t r a l  s h i p  w e r e  u s e d  a s  d i s c u s s e d  i n  C h a p t e r  4 ,  e x c e p t  
w h e r e  s p e c i f i c a l l y  m e n t io n e d  a s  o t h e r w i s e .
T h e  s e c o n d  s t a g e  w a s  t o  e s t a b l i s h  w h e t h e r  t h e r e  w a s  a n y  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  d i f f e r e n t  d i s t r i b u t i o n s  p r o d u c e d  w i t h  t h e  s u b ­
d i v i s i o n s  o f  t h e  in d e p e n d e n t  v a r i a b l e  o r  w h e t h e r  t h e y  w e r e  s t a t i s t i c a l l y  
s i m i l a r .  I t  w a s  d e c id e d  t h a t  t h e  m o s t  s u i t a b l e  m e t h o d  w a s  t o  u s e  a  
n o n - p a r a m e t r i c  a n a l y s i s  o f  v a r i a n c e .  T h e  m e t h o d  c h o s e n  w a s  t h e  
K r u s k a l - W a l l i s  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s  d i s c u s s e d  b y  
K r u s k a l  a n d  W a l l i s  ( 1 9 5 2 ) ^ ^ ^ ^  a n d  K r u s k a l  ( 1 9 5 2 ) w h i c h  e n a b l e s  
o n e  t o  d e c id e  w h e t h e r  K  in d e p e n d e n t  s a n ó l e s  a r e  f r o m  d i f f e r e n t  
p o p u l a t i o n s .  T h e  c l a s s i c a l  p a r a m e t r i c  a n a l y s i s  o f  v a r i a n c e  r e q u i r e s  
t h e  o r i g i n a l  p o p u l a t i o n s  f r o m  w h i c h  t h e  s a n ó l e s  h a v e  b e e n  d r a w n  t o  b e  
n o r m a l l y  d i s t r i b u t e d  a n d  o f  e q u a l  v a r i a n c e ,  n e i t h e r  o f  w h i c h  p r o p e r t i e s  
a r e  n e c e s s a r i l y  f u l f i l l e d  i n  t h i s  s i t u a t i o n .  C o n p a r e d  t o  a  c l a s s i c a l
a n a l y s i s  o f  v a r i a n c e  u s i n g  a n  F - t e s t  w h ic h  i s  t h e  m o s t  p o w e r f u l  t e s t ,
3
t h e  K r u s k a l r W a l l i s  t e s t  h a s  a s y m p t o t i c  r e l a t i v e  e f f i c i e n c y  o f  7  ”  9 5 . 5 %  
a s  s h o w n  b y  A n d r e w s  ( 1 9 5 4 )  I t  i s  t h u s  o n l y  s l i g h t l y  l e s s  p o w e r f u l
t h a n  t h e  c l a s s i c a l  t e s t  b u t  i s  m o r e  e f f i c i e n t  t h a n  m o s t  n o n - p a r a m e t r i c  
t e s t s .  I t  i s  a l s o  m u c h  s i m p l e r  t o  c a l c u l a t e  t h a n  t h e  c l a s s i c a l  m e t h o d  
w h i c h  w a s  a n  a d v a n t a g e  h e r e  w i t h  t h e  r e p e a t e d  o b s e r v a t i o n s  p e r  c e l l  o f  
t h e  d i s t r i b u t i o n .  A  f u l l e r  d i s c u s s i o n  o f  t h e  t e s t  i s  g i v e n  i n  
A p p e n d i x  V I  t o g e t h e r  w i t h  o n e  o f  t h e  s i t u a t i o n s  f u l l y  w o r k e d  t o  s h o w  
t h e  c a l c u l a t i o n s .  I t  w a s  d e c id e d  t o  u s e  t h e  d i s t r i b u t i o n s  u p  t o  2 . 5  
n a u t i c a l  m i l e s  o n l y ,  s i n c e  t h e  i n c r e a s e  i n  n o i s e  a f t e r  t h a t  p o i n t  m i g h t  
s t a r t  t o  c o n f o u n d  t h e  e f f e c t s  p r e s e n t .  A  d i s c u s s i o n  o n  t h e  n o i s e  i n
t h e  d a t a  c a n  b e  f o u n d  i n  C h a p t e r  4 ,  p . 7 8  • F o r  e a c h  s i t u a t i o n  
c o n s i d e r e d ,  o n l y  t h e  v a l u e  o f  t h e  K r u s k a l - W a l l i s  s t a t i s t i c  a n d  t h e  
c o r r e s p o n d i n g  c r i t i c a l  v a l u e  w i l l  b e  g i v e n  i n  t h e  t e x t .
|r '!
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I t  w a s  d e c id a d  t o  c o n s i d e r  t h e  s e c t o r s  s e p a r a t e l y  s t i l l  a t  t h i s  
s t a g e  s i n c e  i t  w a s  c o n s i d e r e d  l i k e l y  t h a t  t h i s  m i g h t  b e  o n e  o f  t h e  
c o n t r i b u t o r y  f a c t o r s  t o  t h e  e f f e c t  o f  t h e  in d e p e n d e n t  v a r i a b l e s *
T h u s  t h e  t e s t s  w e r e  p e r f o r m e d  o n  a l l  t h e  S e c t o r  1  d i s t r i b u t i o n s  u n d e r  
t h e  d i f f e r e n t  v a l u e s  o f  t h e  in d e p e n d e n t  v a r i a b l e ,  a n d  t h e n  s e p a r a t e l y  
f o r  a l l  t h e  S e c t o r  2  d i s t r i b u t i o n s  a n d  f i n a l l y  t h e  S e c t o r  3  
d i s t r i b u t i o n s .  D i f f e r e n c e s  b e t w e e n  t h e  s e c t o r s  t h e m s e l v e s  w i l l  b e  
c o n s i d e r e d  i n  a  s e p a r a t e  s e c t i o n  o f  t h e  c h a p t e r .
t!
T h e  t h i r d  p h a s e  w a s  t o  c a l c u l a t e  t h e  a p p r o p r i a t e  v a l u e s  o f  t h e  
d o m a n g e  u n d e r  t h e  d i f f e r e n t  g r o u p i n g s  o f  t h e  i n d e p e n d e n t  v a r i a b l e .
T h e  m e t h o d  d e v e lo p e d  i n  t h e  p r e v i o u s  c h a p t e r ,  t e r m e d  t h e  m e t h o d  o f  
d i s p l a c e d  n u m b e r s ,  w a s  u s e d ,  s t r e n g t h e n i n g  t h e  c o n c l u s i o n  t h a t  t h i s  
r e a l l y  i s  t h e  m o s t  s u i t a b l e  a p p r o a c h .  A t t e m p t s  t o  u s e  t h e  c o n p l e t e l y  
a r b i t r a r y  m e t h o d  o f  t a k i n g  t h e  l o w e s t  d e c i l e  o f  t h e  d i s t r i b u t i o n  t o
2 . 5  n a u t i c a l  m i l e s  a g a i n  o u t l i n e d  t h e  f a c t  t h a t  t h i s  h a d  l i t t l e  
r e l a t i o n s h i p  t o  t h e  c o m p le t e  p i c t u r e  t h a t  w a s  p r e s e n t .
T h e s e  t h r e e  s t a g e s  f o r m  t h e  m e t h o d  w h ic h  w a s  u s e d  m o s t  g e n e r a l l y  
i n  t h i s  s e t  o f  i n v e s t i g a t i o n s .  A n y  o c c a s i o n a l  d e p a r t u r e  f r o m  t h i s  
s e q u e n c e  w i l l  b e  d i s c u s s e d  u n d e r  t h e  p a r t i c u l a r  s e t  o f  c i r c u m s t a n c e s  
w h e r e  i t  w a s  a p p r o p r i a t e .
S t a n d a r d  e r r o r s  f o r  t h e  d o m a n g e s  w i l l  n o t  b e  g i v e n  s i n c e  t h e i r  
s a ï i ç ) l i n g  d i s t r i b u t i o n s  h a v e  n o t  b e e n  f u l l y  i n v e s t i g a t e d .  A  f e w  
p r e l i m i n a r y  i d e a s  w e r e  c o n s i d e r e d  i n  C h a p t e r  5 ,  p . l 2 6 y  b u t  a n  
i n v e s t i g a t i o n  i n  m o r e  d e p t h  i s  s e e n  a s  o n e  o f  t h e  f u t u r e  e x t e n s i o n s  
o f  t h e  p r o j e c t .
T Y P E  O F  S E A  A R E A  
R e s u l t s
T h e  f i r s t  c i r c u m s t a n c e s  t o  b e  i n v e s t i g a t e d  w e r e  t h e  e f f e c t s  t h a t  
t h e  t y p e  o f  s e a  a r e a  h a d  o n  t h e  r e s u l t s  f o r  t h e  d o m a n g e .  T h e  
s i m u l a t o r  e x e r c i s e s  f e l l  i n t o  t h r e e  s e p a r a t e  s e c t i o n s .  O p e n  O c e a n  
s i t u a t i o n s ,  G i b r a l t a r  S t r a i t  a n d  D o v e r  S t r a i t  s i t u a t i o n s ,  a n d  t h e s e  
t h r e e  w e r e  u s e d  a s  i l l u s t r a t i o n s  i n  t h e  p r e v i o u s  c h a p t e r ,  t h e  r e s u l t s  
f o r  t h e  d o m a n g e s  b e i n g  g i v e n  i n  T a b l e  5 . 1 4  •
P e r f o r m i n g  a  K r u s k a l - W a l l i s  a n a l y s i s  o f  v a r i a n c e  o n  t h e  
d i s t r i b u t i o n s  u p  t o  2 .5  n a u t i c a l  m i l e s ,  t h e  f o l l o w i n g  t e s t  s t a t i s t i c s  
a r e  o b t a i n e d : -
}-  1 3 4  -
S e c t o r  1  2 4 . 9 3
S e c t o r  2  1 7 , 8 1
S e c t o r  3  8 , 6 5
T h e  a p p r o p r i a t e  c r i t i c a l  v a l u e s  f o r  t h e  g i v e n  l e v e l s  o f  s i g n i f i c a n c e  
a r e :
5 %  -  5 . 9 9 ;  1 % -  9 . 2 1 ;  . 1 % -  1 3 . 8 1 .
T h u s  S e c t o r s  1  a n d  2  c a n  b e  d e s c r i b e d  a s  v e r y  h i g h l y  s i g n i f i c a n t  a n d  
S e c t o r  3  a s  s i g n i f i c a n t .  T h i s  s t a t e m e n t  o n  i t s  o w n  i s  c o n s i d e r e d  t o  
b e  r e a s o n a b l e  a s  i t  s u p p o r t s  t h e  a r g u m e n t  f o r  t h e  d i f f e r e n c e  b e t w e e n  
t h e  s e c t o r s .  S e c t o r s  1  a n d  2  a r e  t h e  s e c t o r s  f o r  w h ic h  t h e  c e n t r a l  
s h i p  h a s  r e s p o n s i b i l i t y  a c c o r d i n g  t o  t h e  c o l l i s i o n  r e g u l a t i o n s ,  w h e r e a s  
S e c t o r  3  t h e  a s t e r n  s e c t o r  i s  l e s s  c r i t i c a l  f o r  t h e  c e n t r a l  s h i p .  T h u s  
a n y  a d a p t a t i o n  t o  c o n d i t i o n s  i s  m o r e  l i k e l y  t o  a p p e a r  i n  S e c t o r  1  
f o r e m o s t ,  t h e n  S e c t o r  2  a n d  t o  a  l e s s e r  e x t e n t  i n  S e c t o r  3 .
F i g ,  6 . 1  g i v e s  t h e  u n s m o o t h e d  d i s t r i b u t i o n s  u p  t o  2 . 5  n , m i l e s  f o r  
e a c h  o f  t h e  t h r e e  s e a  a r e a s ,  f o r  S e c t o r  2 ;  t h e  c o r r e s p o n d i n g  f i g u r e s  
f o r  S e c t o r s  1  a n d  3  c a n  b e  f o u n d  i n  A p p e n d ix  V I ,  p , 2 9 4 ^ 5  E x a m i n a t i o n
o f  t h e s e  g r a p h s  t o g e t h e r  w i t h  t h e  v a l u e s  f o u n d  f o r  t h e  d o m a n g e s ,  a l s o  
s h o w n  o n  t h e s e  f i g u r e s ,  r e v e a l  a  p a t t e r n  w h i c h  s e e m s  c o m p l e t e l y  
r e a s o n a b l e .
T h e  d i s t r i b u t i o n  f o r  t h e  D o v e r  S t r a i t  i n  S e c t o r  1  b e g i n s  t o  r i s e  
s o o n e r  t h a n  t h e  o t h e r  t w o ,  w h i l e  t h a t  f o r  t h e  O p e n  O c e a n  i s  s u c h  t h a t  
t h e  s h a p e  o f  t h e  d i s t r i b u t i o n  i s  o n l y  j u s t  b e c o m in g  a p p a r e n t  a n d  i n  
f a c t  i s  m a i n l y  e v i d e n t  a f t e r  2 . 5  n , m i l e s .  T h e  s a m e  i s  t r u e  i n  S e c t o r s  
2  a n d  3 .  T h e  r e s u l t i n g  v a l u e s  o f  t h e  d o m a n g e  a r e  s u c h  t h a t  t h o s e  f o r  
t h e  D o v e r  S t r a i t ,  t h e  b u s i e s t  s e a  a r e a  o f  t h e  t h r e e  a r e  m u c h  s m a l l e r  
t h a n  t h o s e  f o r  G i b r a l t a r ,  w h i l e  t h o s e  f o r  t h e  O p e n  O c e a n  a r e  l a r g e s t  
o f  a l l ,  t h i s  o f  c o u r s e  b e i n g  t h e  a r e a  w i t h  m a x im u m  s c o p e  f o r  m a n o e u v r e .  
T h e  t h i r d  s e c t o r  v a l u e  f o r  t h e  D o v e r  S t r a i t  i s  h o w e v e r  c o n s i d e r e d  t o  
b e  a  l i t t l e  u n r e a l i s t i c ,  a n d  t h e  f a c t  t h a t  t h e r e  i s  l e s s  d i f f e r e n c e  
b e t w e e n  t h i r d  s e c t o r  d i s t r i b u t i o n s  b y  a r e a  t h a n  i n  t h e  o t h e r  t w o  
s e c t o r s  s u g g e s t s  t h a t  t h i s  m i g h t  w e l l  b e  o f  t h e  o r d e r  o f  0 . 5 0  n . m .  a s  
m e n t i o n e d  i n  t h e  p r e v i o u s  c h a p t e r .
F o r  t h e  f o l l o w i n g  i n v e s t i g a t i o n s  u s i n g  t h e  s i m u l a t o r  d a t a ,  i t  w a s  
n e c e s s a r y  t o  p o o l  a l l  t h e  d i f f e r e n t  a r e a s  a s  t h e r e  w a s  n o t  r e a l l y  
s u f f i c i e n t  d a t a  t o  t r e a t  t h e m  s e p a r a t e l y .  I t  i s  f e l t ,  h o w e v e r ,  t h a t  
t h i s  v e r y  m a r k e d  d i f f e r e n c e  b e t w e e n  t h e  a r e a s  m a y  w e l l  c o n f o u n d  s o m e
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o f  t h e  o t h e r  r e s u l t s  m a k in g  t h e  p a t t e r n  l e s s  c l e a r .  A s  t h e  s u r v e y  
d a t a  w a s  c o n c e n t r a t e d  o n  o n e  a r e a  i t  h a s  h o w e v e r  b e e n  p o s s i b l e  t o  t a k e  
a c c o u n t  o f  t h i s  a s  w i l l  b e  s h o w n  l a t e r .
W h i l e  s t i l l  c o n s i d e r i n g  t h e  f a c t o r  o f  s e a  a r e a  i t  w a s  f e l t  t h a t  
i t  w o u ld  b e  i n t e r e s t i n g  t o  c o m p a r e  t h e  r e s u l t s  f o r  t h e  S u n k  a r e a  w i t h  
t h e  r e s u l t s  f o r  t h e  D o v e r  S t r a i t .  I t  w a s  e x p e c t e d  t h a t  t h e  S u n k  
r e s u l t s  m i g h t  b e  l a r g e r  t h a n  t h o s e  f o r  D o v e r  b e c a u s e  t h e  a r e a  i s  l e s s  
c r o w d e d ,  a l t h o u g h  t h e  o t h e r  m a in  f a c t o r  w h ic h  w a s  d i f f e r e n t  w a s  f o g .
T h e  a b s e n c e  o f  f o g  i n  t h e  S u n k  s u r v e y s ,  i t  i s  s u g g e s t e d ,  w o u ld  c o n g r e s s  
t h e  d o m a in s  f r o m  t h o s e  w h ic h  m i g h t  h a v e  b e e n  s e e n  i n  f o g g y  c o n d i t i o n s .
S i n c e  t h e r e  w e r e  o n l y  t w o  s a m p le s  t o  b e  c o n s i d e r e d  i n  e a c h
s e c t o r ,  i t  w a s  d e c id e d  t o  v a r y  t h e  a n a l y s i s  m e t h o d  a n d  u s e  a n o t h e r  n o n
p a r a m e t r i c  t e s t ,  t h e  M a n n - W h i t n e y  t e s t ,  w h ic h  e n a b l e s  o n e  t o  d e t e r m i n e
w h e t h e r  t w o  s a m p le s  c a n  b e  c o n s i d e r e d  a s  b e l o n g i n g  t o  t h e  s a m e
p o p u l a t i o n .  A l t h o u g h  t h e  s a m p le  s i z e s  w e r e  v e r y  m u c h  l a r g e r  i n  t h i s
s i t u a t i o n  t h a n  w a s  f r e q u e n t l y  t h e  c a s e  i n  t h e  o t h e r  a n a l y s e s ,  s o  t h a t
t h e  u s e  o f  a  p a r a m e t r i c  t e s t  b a s e d  o n  t h e  n o r m a l  d i s t r i b u t i o n  m i g h t
h a v e  b e e n  c o n s i d e r e d  j u s t i f i a b l e ,  i t  w a s  d e c id e d  w i s e r  w i t h  t h i s  t y p e
o f  d a t a  t o  c o n t i n u e  t o  u s e  n o n - p a r a m e t r i c  t e s t s .  I n  a n y  c a s e  t h e  M a n n -
W h i t n e y  t e s t  h a s  b e e n  s h o w n  t o  h a v e  a n  a s y m p t o t i c  r e l a t i v e  e f f i c i e n c y
( 3 3 )
o f  9 5 . 5 %  ( M o o d  ( 1 9 5 4 )  c o n p a r e d  t o  t h e  c o r r e s p o n d i n g  p a r a m e t r i c  t e s t .  
A  s h o r t  d e s c r i p t i o n  o f  t h e  t e s t  i s  g i v e n  i n  A p p e n d ix  V I ,  t o g e t h e r  w i t h  
t h e  a p p r o p r i a t e  c a l c u l a t i o n s .
I f  X  . a n d  x » . p  , d e n o t e  t h e  d o m a n g e s  f o r  t h e  i ^ ^  s e c t o r  f o r
A i D o v e r  A i S u n k
s h i p s  i n  t h e  D o v e r  S t r a i t  s a m p le  a n d  t h e  S u n k  s u r v e y  s a m p le  r e s p e c t i v e l y ,  
a n d  Z .  d e n o t e s  t h e  a p p r o p r i a t e  t e s t  s t a t i s t i c  f o r  t h e  i  s e c t o r ,  t h e n3L
2.00
t h e  f o l l o w i n g r e s u l t s  i n  n . m i l e s  a r e o b t a i n e d
S e c t o r  1
^ A 1  D o v e r ^ A i S u n k
=  0 . 9
S e c t o r  2
D o v e r * A 2 S u n k =  0 . 7
S e c t o r  3 * A 3  D o v e r ^ A 3 S u n k
=  0 . 5
Z2 ~ 2.06
2 .  =  1 . 7 7
U s i n g  a  t w o - t a i l e d  a l t e r n a t i v e  h y p o t h e s i s  t h a t  t h e  p o p u l a t i o n s  a r e  n o t  
t h e  s a m e  a g a i n s t  a  n u l l  h y p o t h e s i s  t h a t  t h e y  a r e ,  a n d  a  5 %  l e v e l  o f  
s i g n i f i c a n c e  w i t h  c r i t i c a l  v a l u e  1 . 9 6 ,  t h e n  i t  c a n  b e  s e e n  t h a t  t h e  
S e c t o r  1  a n d  S e c t o r  2  r e s u l t s  a r e  j u s t  s i g n i f i c a n t  a n d  t h e  S e c t o r  3  
r e s u l t  i s  j u s t  n o t  s i g n i f i c a n t .  A l t h o u g h  t h e  v a l u e s  o f  t h e  d o m a n g e s  
h a v e  n o t  b e e n  d i r e c t l y  c o m p a re d  t h e y  w i l l  v a r y  i n  t h e  s a m e  w a y  w i t h
' I i
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t h e  u n d e r l y i n g  d i s t r i b u t i o n s .  T h u s  i t  s e e m s  r e a s o n a b l e  t o  c o n c lu d e  
t h a t  t h e r e  i s  a  s l i g h t  d i f f e r e n c e  b e t w e e n  t h e  S e c t o r  1  a n d  S e c t o r  2  
v a l u e s ,  w i t h  t h e  D o v e r  S t r a i t  b e i n g  s m a l l e r  i n  e a c h  c a s e .  I n  
S e c t o r  3  h o w e v e r ,  t h e r e  i s  q u i t e  p r o b a b l y  n o  d i f f e r e n c e .  T h i s  l a s t  
r e s u l t  a g a i n  g i v e s  e v id e n c e  i n  l i n e  w i t h  t h e  d i s c u s s i o n  o n  p , 1 7 .
C o n c l u s i o n s
T h e  a b o v e  d i s c u s s i o n  s h o w s  t h a t  t h e r e  i s  a n  a p p a r e n t  d i f f e r e n c e  
b e t w e e n  t h e  d i m e n s i o n s  o f  t h e  d o m a in  i n  d i f f e r e n t  s e a  a r e a s .  I t  w o u ld  
t h e r e f o r e  b e  v e r y  u s e f u l  t o  c o n t i n u e  t h i s  s t u d y  f u r t h e r  b y  c o n s i d e r i n g  
o t h e r  a r e a s  a t  a  l a t e r  s t a g e .  T h e  o n l y  o t h e r  w o r k  w h i c h  a p p e a r s  t o  
h a v e  b e e n  d o n e  o n  a  s i m i l a r  s u b j e c t  i s  t h a t  b y  t h e  J a p a n e s e  d e s c r i b e d  
o n  p .  9 4 .  H o w e v e r  f o r  r e a s o n s  d i s c u s s e d  o n  p , 9 7  i t  w a s  d e c id e d  t o  
a d o p t  a  r a t h e r  d i f f e r e n t  d e f i n i t i o n  f o r  t h e  d o m a in  b o u n d a r y  s o  t h e  
r e s u l t s  p r o d u c e d  a r e  n o t  d i r e c t l y  c o m p a r a b le .  T h e  o n l y  c o n ^ a r i s o n  
w h i c h  c a n  b e  m a d e  i s  u s i n g  t h e  r e s u l t s  q u o t e d  i n  T a b l e  5 . 7  f o r  S u n k  
S u r v e y  2 ,  o b t a i n e d  u s i n g  a  d e f i n i t i o n  s i m i l a r  t o  t h e  J a p a n e s e  d e f i n i t i o n .  
T h e  v a l u e s  f o r  t h e  d o m a n g e  a r e  g i v e n  a s  S e c t o r  1 :  2 . 4 5  n . m i l e s .
S e c t o r  2 :  1 . 9 5  n . m i l e s  a n d  S e c t o r  3 :  1 . 2 5  n . m i l e s .  T h e  r e s u l t s  
q u o t e d  f r o m  t h e  J a p a n e s e  w o r k  o n  p , 2 3  g i v e  a  h a l f  e l l i p s e  w i t h  
s e m i a x i s  m a j o r  o f  1 6 4 0  f t  a n d  s e m i a x i s  m i n o r  o f  9 8 0  f t  f o r  s h i p s  b e t w e e n  
2 0 0  a n d  5 0 0  f e e t  i n  l e n g t h .  I f  t h e  d o m a n g e  i n  S e c t o r  3  i s  c o n s i d e r e d  
t o  b e  e q u i v a l e n t  t o  t h e  s e m i a x i s  m a j o r  o f  t h e  e l l i p s e  t h e n  t h e  c o m p a r a b le  
f i g u r e  f o r  t h e  S u n k  s u r v e y  i s  7 5 9 5  f t .  S i n c e  t h e  S u n k  s u r v e y  h a d  o n l y  
h a l f  o f  i t s  i d e n t i f i e d  s h i p s  b e t w e e n  t h e  l e n g t h s  i n  t h e  J a p a n e s e  s u r v e y  
( s e e  T a b l e  3 . 6 )  t h e  n a t u r e  o f  s h i p s  i n  t h e  t w o  a r e a s  i s  o b v i o u s l y  
r a t h e r  d i f f e r e n t .  H o w e v e r  a s  t h e  J a p a n e s e  a r e a  i s  a p p a r e n t l y  m u c h
t w o  r e s u l t s  w o u ld  a p p e a r  t o  b e  o f  t h e  c o r r e s p o n d i n g l y  r i g h t
o r d e r .
I t  i s  o b v i o u s l y  a p p a r e n t  t h a t  t h e r e  i s  a  g r e a t  d e a l  m o r e  t h a t  m u s t  
b e  d o n e  o n  t h i s  a s p e c t  o f  t h e  w o r k .  I t  i s  a l s o  s u g g e s t e d  t h a t  i t  
w o u l d  b e  a p p r o p r i a t e  t o  i n v e s t i g a t e  t h e  s i z e  o f  d o m a in  i n  a  p a r t i c u l a r  
a r e a  i f  t h e  c o n c e p t  i s  t o  b e  a p p l i e d  t o  a n y  p r o b le m  s p e c i f i c  t o  t h a t  
a r e a .  I f  u s e d  i n  a  c o m p l e t e l y  d i f f e r e n t  a r e a ,  t h e  r e s u l t s  g i v e n  i n  
t h i s  t h e s i s  w o u ld  o n l y  g i v e  a p p r o x im a t e  v a l u e s .
T h e  n e x t  s e r i e s  o f  f a c t o r s  t o  b e  c o n s i d e r e d  w i l l  b e  t h o s e  s p e c i f i c  
t o  o n e  s h i p .
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R E L A T I V E  V E L O C I T Y
I t  w o u ld  b e  u s e f u l  t o  d e t e r m i n e  t h e  n a t u r e  o f  a n y  r e l a t i o n s h i p  
t h a t  m i g h t  e x i s t  b e t w e e n  t h e  s i z e  a n d  s h a p e  o f  t h e  d o m a in  a n d  t h e  
r e l a t i v e  v e l o c i t y  o f  o t h e r  s h i p s  w i t h  r e s p e c t  t o  t h e  c e n t r a l  s h i p ,  
s i n c e  i n  a n y  e n c o u n t e r  s i t u a t i o n  t h i s  i s  a n  in q > o r t a n t  f a c t o r .  A  
n a v i g a t o r  w i l l  a l w a y s  b a s e  h i s  m a n o e u v r in g  d e c i s i o n  o n  a n  e s t i m a t e  o f  
t h e  r e l a t i v e  v e l o c i t y  o f  a n o t h e r  s h i p  w i t h  r e s p e c t  t o  h i s  o w n  a s  w e l l  
a s  o n  t h e  r e l a t i v e  p o s i t i o n s .  I n  f a c t  i t  i s  c o m m o n  p r a c t i c e  t o  p l o t  
a n  a p p r o a c h i n g  s h i p  a t  s i x  m i n u t e  i n t e r v a l s  o n  a  r a d a r  s c r e e n  t o  e n a b le  
a n  e a s y  e s t i m a t e  o f  t h e  r e l a t i v e  v e l o c i t y  t o  b e  m a d e .  I n  s i t u a t i o n s  
w h e r e  n a v i g a t i o n  i s  b y  r a d a r  b e c a u s e  t h e  v i s i b i l i t y  i s  s o  p o o r ,  t h i s  
w i l l  b e  t h e  o n l y  f a c t o r  k n o w n  a b o u t  a n  a p p r o a c h in g  s h i p .
S t a r t i n g  w i t h  o n e  c e n t r a l  s h i p ,  a t  a  c e r t a i n  t i m e  p o i n t  a n d  
c o n s i d e r i n g  a n o t h e r  s h i p  i n  t h e  v i c i n i t y  a t  t h e  s a m e  t i m e ,  t h e  r e l a t i v e  
v e l o c i t y  o f  t h e  s e c o n d  s h i p  w i t h  r e s p e c t  t o  t h e  c e n t r a l  s h i p  w a s  
c a l c u l a t e d ,  i n  a d d i t i o n  t o  i t s  r e l a t i v e  b e a r i n g  a n d  d i s t a n c e .  T h i s  
w a s  t h e n  r e p e a t e d  f o r  a l l  o t h e r  s h i p s ,  a l l  o t h e r  t i m e  p o i n t s  a n d  a l l  
o t h e r  c e n t r a l  s h i p s .  T h e  b a s i c  d i s t a n c e  d i s t r i b u t i o n s  b y  s e c t o r  w e r e  
t h e n  s p l i t  d o w n  i n t o  v a r i o u s  s u b - d i s t r i b u t i o n s .  F o r  s i m p l i c i t y ’ s  s a k e  
i n  t h i s  a n a l y s i s ,  i t  w a s  d e c id e d  t o  c o n s i d e r  o n l y  t h e  m a g n i t u d e  o f  t h e  
r e l a t i v e  v e l o c i t i e s ,  t h e  r e l a t i v e  s p e e d s  a n d  i g n o r e  t h e  d i r e c t i o n  a t  
t h i s  s t a g e .  T h e  r e l a t i v e  s p e e d s  w e r e  c o n s i d e r e d  i n  i n t e r v a l s  o f  
5 k n o t s ,  u p  t o  20 k n o t s  a n d  a l l  h i g h e r  s p e e d s  w e r e  i n c l u d e d  t o g e t h e r .
T h u s  s e p a r a t e  d i s t r i b u t i o n s  b y  s e c t o r  w e r e  p r o d u c e d  o f  t h e  d i s t a n c e  f r o m  
t h e  c e n t r a l  s h i p  o f  a l l  s h i p s  w h o s e  r e l a t i v e  s p e e d  w i t h  r e s p e c t  t o  t h e  
c e n t r a l  s h i p  w a s  u n d e r  5 k n o t s ,  a n d  s i m i l a r l y  f o r  t h o s e  w i t h  r e l a t i v e  
s p e e d s  o f  5  k n o t s  a n d  u n d e r  1 0 ,  1 0  k n o t s  a n d  u n d e r  1 5 ,  1 5  k n o t s  a n d  u n d e r  
2 0 ,  a n d  o v e r  2 0  k n o t s .  T h i s  a n a l y s i s  c o u ld  b e  d o n e  f o r  b o t h  t h e  
s i m u l a t o r  a n d  S u n k  s u r v e y  d a t a  a n d  a c c o u n t s  o f  t h e  i n f o r m a t i o n  r e q u i r e d  
t o  c a l c u l a t e  t h e  r e l a t i v e  v e l o c i t i e s  f o r  b o t h  s i t u a t i o n s  a r e  g i v e n  i n  
C h a p t e r  5 .  T h e  p r o g r a m s  u s e d  t o  c a l c u l a t e  t h e  v a l u e s  a n d  p r o d u c e  t h e  
d i s t r i b u t i o n s  b y  s p e e d  r a n g e  a r e  g i v e n  i n  A p p e n d ix  V I I I .  I t  s h o u l d  
a l s o  b e  e m p h a s i s e d  t h a t  t h e  r e l a t i v e  v e l o c i t i e s  c a l c u l a t e d  w e r e  
a p p r o x i m a t i o n s  t o  a n  i n s t a n t a n e o u s  r e l a t i v e  v e l o c i t y ,  s i n c e  t h e y  w e r e  
o n l y  c o n s i d e r e d  o v e r  s i x - m i n u t e  t i m e  i n t e r v a l s .  N o  a t t e m p t  w a s  m a d e  
t o  p r o d u c e  a n  a v e r a g e  v a l u e ,  w h i c h  w a s  c o n s i d e r e d  i n a p p r o p r i a t e  i n  t h i s  
s i t u a t i o n ,  b u t  t h e  a c t u a l  v a l u e  c a l c u l a t e d  w o u ld  o n l y  h a v e  t h e  a c c u r a c y  
o f  t h e  m e a s u r e m e n t s  m a d e .
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R e s u l t s
P e r f o r m i n g  t h e  K r u s k a l —W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  o n  t h e  
d i s t r i b u t i o n s  o f  s h i p s  i n  e a c h  s p e e d  r a n g e  s e p a r a t e l y  f o r  e a c h  s e c t o r  
i n  e a c h  o f  t h e  t w o  s e t s  o f  d a t a ,  t h e  f o l l o w i n g  v a l u e s  o f  t h e  t e s t  
s t a t i s t i c  H  w e r e  o b t a i n e d .
S i m u l a t o r  d a t a
S u n k  S u r v e y  d a t a
S e c t o r  1  S e c t o r  2  S e c t o r  3
7 . 0 4  6 . 1 1  4 . 7 1
S e c t o r  1  S e c t o r  2  S e c t o r  3
2 5 . 9 9  9 . 2 5  8 . 4 8
S i n c e  i n  e a c h  s i t u a t i o n  t h e r e  w e r e  d i s t r i b u t i o n s  f o r  f i v e  s p e e d  r a n g e s  
t o  b e  c o m p a r e d ,  t h e  d e g r e e s  o f  f r e e d o m  w e r e  f o u r  a n d  t h e  5 %  c r i t i c a l  
v a l u e  f r o m  t h e  t a b l e  w a s  9 . 4 9 .
t h u s  t h e  o n l y  s i g n i f i c a n t  r e s u l t  w a s  i n  S e c t o r  1  o f  t h e  S u n k  
s u r v e y  d a t a  a n d  t h i s  v a l u e  w a s  i n  f a c t  s i g n i f i c a n t  a t  t h e  . 1 % l e v e l  a s  
w e l l  ( x ^ /  «  =  1 8 . 4 7 ) .  S e c t o r s  2  a n d  3  f o r  t h e  S u n k  d a t a  w e r e  o n l y  
j u s t  n o n - s i g n i f i c a n t ,  a n d  w h e n  t h e  S u n k  d a t a  w a s  f i r s t  a n a l y s e d  
s p l i t t i n g  t h e  f i n a l  s p e e d  g r o u p  o f  20 k n o t s  a n d  o v e r  i n t o  t w o ,  20 k n o t s  
b u t  u n d e r  2 5  a n d  2 5  k n o t s  a n d  o v e r .  S e c t o r  2  d i d  p r o d u c e  a  s i g n i f i c a n t  
r e s u l t .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  v a l u e s  o f  t h e  t e s t  
s t a t i s t i c  H  f o l l o w  t h e  s a m e  p a t t e r n  f o r  b o t h  t h e  s i m u l a t o r  a n d  t h e  
S u n k  s u r v e y  d a t a ,  w i t h  t h e  m o s t  d i f f e r e n c e  i n  S e c t o r  1  a n d  t h e  l e a s t  
i n  S e c t o r  3  i n  b o t h  c a s e s .  T h i s  p a t t e r n  a g a in  i l l u s t r a t e s  t h e  
s u g g e s t e d  h y p o t h e s i s  t h a t ,  i f  t h e r e  i s  a  d i f f e r e n c e  b e t w e e n  t h e  S e c t o r s ,  
S e c t o r  1  i s  m o s t  s u s c e p t i b l e  t o  c h a n g e s  i n  r e l a t i v e  s p e e d  w h i l e  S e c t o r  3
i s  t h e  l e a s t  a f f e c t e d . \
V a l u e s  o f  t h e  d o m a n g e  w e r e  c a l c u l a t e d  f o r  e a c h  o f  t h e ^ ^ i ^ e r e n t  
s e t  o f  c i r c u m s t a n c e s  a n d  t h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  6 . 1 .  T h e  
p a t t e r n s  o f  t h e  d i s t r i b u t i o n s  w e r e  n o t  a l w a y s  v e r y  e a s y  t o  i n t e r p r e t ,  
p a r t i c u l a r l y  f o r  t h e  s i m u l a t o r  d a t a  s o  i t  i s  f e l t  t h a t  n o t  a  g r e a t  d e a l  
o f  r e l i a n c e  s h o u l d  b e  p la c e d  o n  t h e s e  r e s u l t s .  I t  i s  c o n s i d e r e d  t h a t  
t h i s  p r o b le m  i n  i n t e r p r e t a t i o n  p r o b a b l y  a r i s e s  b e c a u s e  o f  t h e  i n t e r a c t i o n  
w i t h  o t h e r  f a c t o r s ,  s u c h  a s  t h e  m a n o e u v e r a b i l i t y  o f  t h e  c e n t r e  s h i p .
W i t h  t h e  s i m u l a t o r  d a t a  t h e r e  i s  t h e  c o n t i n u a l  p r o b le m  o f  h a v i n g  a l l  
a r e a s  c o m b in e d  a n d  i t  i s  v e r y  l i k e l y  t h a t  t h i s  m a y  b e  c o n f u s i n g  a n y  
p a t t e r n  w i t h  s p e e d .  F o r  b o t h  t h e  S u n k  s u r v e y  d a t a  a n d  t h e  S i m u l a t o r
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d a t a  t h e  m o s t  d i f f i c u l t  s p e e d  r a n g e s  t o  a n a l y s e  w e r e  t h e  s m a l l e s t  
a n d  t h e  l a r g e s t  a n d  t h i s  a p p l i e d  t o  a l l  s e c t o r s .  T h e  n u m b e r s  i n  
b r a c k e t s  i n  T a b l e  6 . 1  s h o w  t h e  n u m b e r  o f  o b s e r v a t i o n s  i n  e a c h  o f  t h e  
d i s t r i b u t i o n s  b y  s p e e d  a n d  s e c t o r .  E x a m i n a t i o n  o f  t h e s e  s u g g e s t s  
t h a t  f o r  t h e  S u n k  d a t a  t h e  i n t e r p r e t a t i o n  d i f f i c u l t y  i n  t h e  l a r g e s t ,  
s p e e d  r a n g e  i s  c a u s e d  b y  t h e  c o m p a r a t i v e l y  s m a l l  n u m b e r  o f  
o b s e r v a t i o n s  f a l l i n g  t h e r e .  T h e  d i f f i c u l t y  i n  t h e  s m a l l e s t  s p e e d  
r a n g e  m i g h t  w e l l  i n d i c a t e  t h a t  t h e  d o m a n g e  s i m p l y  b e c o m e s  m o r e  
i n d e t e r m i n a t e  a t  s m a l l e r  r e l a t i v e  v e l o c i t i e s ,  s i n c e  t h e r e  i s  l e s s  
a n x i e t y  w i t h  s m a l l e r  s p e e d  d i f f e r e n t i a l s  t h a n  w i t h  l a r g e r  o n e s .
U s i n g  T a b l e  6 . 1 ,  t w o  a d d i t i o n a l  p o i n t s  o f  i n t e r e s t  a r i s e .  T h e  
f i r s t  i s  a  c o m p a r i s o n  o f  t h e  m e a n  r e l a t i v e  s p e e d  i n  t h e  t w o  s i t u a t i o n s .
F o r  t h e  s i m u l a t o r  d a t a  i t  i s  1 3 . 0  k n o t s  a n d  f o r  t h e  S u n k  d a t a  i t  i s
1 1 . 2  k n o t s .  U s i n g  a  p a r a m e t r i c  t e s t  b a s e d  o n  t h e  n o r m a l  d i s t r i b u t i o n  
f o r  t h e  d i f f e r e n c e  b e t w e e n  t w o  m e a n s ,  d e s c r i b e d  i n  A p p e n d ix  V I ,  i t  c a n  
b e  s h o w n  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e s e  t w o  m e a n s  i s  v e r y  h i g h l y  
s i g n i f i c a n t .  T h e  t e s t  i s  r e a s o n a b l e  i n  t h i s  c a s e  s i n c e  t h e  s a m p le s  
a r e  l a r g e  a n d  e q u a l  p o p u l a t i o n  v a r i a n c e s  m a y  b e  a s s u m e d  a n d  i n  a n y  c a s e  
t h e  u n d e r l y i n g  s p e e d  d i s t r i b u t i o n s  m a y  b e  c o n s i d e r e d  t o  b e  n o r m a l .
S i n c e  t h e  s i m u l a t o r  d a t a  i s  a l l  i n  f o g g y  c o n d i t i o n s  w h e n  o n e  w o u ld  
e x p e c t  s l o w e r  r e l a t i v e  s p e e d s ,  t h i s  l a r g e  s i g n i f i c a n t  d i f f e r e n c e  m u s t  
a r i s e  b e c a u s e  o f  t h e  o p e n  o c e a n  e x e r c i s e s  w h e r e  t h e r e  a r e  a  l a r g e  
n u m b e r  o f  h e a d - o n  e n c o u n t e r s ,  a n d  h e n c e  h i g h e r  r e l a t i v e  v e l o c i t i e s .
I t  i s  h o w e v e r  e n c o u r a g i n g  t h a t  t h e  t w o  m e a n s  s h o u l d  b e  o f  r o u g h l y  t h e  
s a m e  o r d e r .
T h e  s e c o n d  p o i n t  a r i s e s  i f  w e ig h t e d m e a n s  a r e c a l c u l a t e d  o f t h e
'
d o m a n g e s  f o u n d  b y  r e l a t i v e s p e e d  d i s t r i b u t i o n ,  a n d c o m p a re d  w i t h t h e
•
o v e r a l l  r e s u l t s  q u o t e d  i n C h a p t e r  5 .
i
T h e  f o l l o w i n g  p a t t e r n  e m e r g e s
%
i
S i m u l a t o r  D a t a S e c t o r  1 S e c t o r  2 S e c t o r  3 ji
A c t u a l  d o m a n g e 1 . 3 0 .8 0 . 5
M e a n  s p e e d  d o m a n g e 1 . 1 0 . 9 0 .6
1 S u n k  D a t a
S e c t o r  1 S e c t o r  2 S e c t o r  3
h
f







M e a n  s p e e d  d o m a n g e 0 . 9 0 .8 0 .6
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While it is not likely that domanges can be combined linearly in 
this manner, it does suggest that the results found are roughly of 
the right order.
Conclusions
R e t u r n i n g  t o  T a b l e  6 . 1 ,  a l t h o u g h  i t  m u s t  a g a i n  b e  s t a t e d  t h a t  
t h e  a c t u a l  r e s u l t s  h a v e  a n  e l e m e n t  o f  u n r e l i a b i l i t y ,  i t  i s  p o s s i b l e  
t o  d r a w  a  f e w  t e n t a t i v e  c o n c l u s i o n s .  T h e  m a j o r  s i g n i f i c a n t  d i f f e r e n c e  
c a u s e d  b y  r e l a t i v e  s p e e d s  a p p e a r s  i n  S e c t o r  1  o f  t h e  S u n k  d a t a ,  a n d  
s u g g e s t s  a n  i n c r e a s i n g  d o m a n g e  a s  r e l a t i v e  s p e e d  i n c r e a s e s .  T h e  
s i m u l a t o r  d a t a  w o u ld  a l s o  a p p e a r  t o  a g r e e  w i t h  t h i s  p a t t e r n .
¡1 S e c t o r  2  s e e m s  t o  b e  m u c h  l e s s  a f f e c t e d  b y  c h a n g e s  i n  r e l a t i v e  s p e e d  
I I  a n d  i f  a n y t h i n g ,  t h e  p a t t e r n  s u g g e s t e d  i s  a  d e c r e a s e  i n  d i m e n s i o n s  
w i t h  i n c r e a s e  i n  r e l a t i v e  s p e e d .  S e c t o r  3  i s  e v e n  l e s s  a f f e c t e d  a n d
t h e  p a t t e r n  t h e r e  i s  l e s s  c l e a r .  I t  w o u ld  s u g g e s t  a  s i m i l a r  g r a d u a l
d e c r e a s e  i n  d i m e n s i o n s  a s  s p e e d  i n c r e a s e s  b u t  t h i s  m a y  n o t  b e  v e r y  
a p p a r e n t .  I t  c o u l d  p o s s i b l y  b e  t h a t  t h e  t o t a l  s e a  a r e a  a r o u n d  t h e  
s h i p  m a y  n o t  c h a n g e  v e r y  m u c h  w i t h  a n  i n c r e a s e  i n  r e l a t i v e  s p e e d  b u t  
t h a t  t h e  s h a p e  o f  t h e  d o m a in  d o e s  a l t e r .
It is however apparent that a good deal more work needs to be 
done on this subject and more data is needed. The simulator data 
should then be analysed separately by area to see what interaction 
effect this does have.
With more data it would also be interesting to consider the 
direction of the relative velocity as well as the magnitude. It 
would seem necessary to look at the direction of the relative velocity 
within each sector to get a more complete picture of the processes at
work.
Another related analysis would be to consider the domanges in 
terms of the speed of the central ship alone. This is however of 
less importance since it ignores the speeds of the other ships.
CHARACTERISTICS OF THE CENTRAL SHIP
It would seem a reasonable hypothesis that the size and shape 
of the domain will also be dependent on the type of central ship.
This was investigated using two different variables for each set of 
data. For the simulator data, the gross tonnage of each own ship
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w a s  k n o w n ,  a s  w a s  t h e  m a x im u m  s p e e d  o f  t h e  s h i p s .  F o r  t h e  S u n k  d a t a ,  
i n f o r m a t i o n  w a s  a v a i l a b l e  o n  g r o s s  t o n n a g e  a n d  l e n g t h  f o r  a  c e r t a i n  
p r o p o r t i o n  o f  s h i p s  a n d  o n  b r o a d  t y p e  o f  s h i p  f o r  a n o t h e r  s e c t i o n  o f  
t h e  s h i p s .
G R O S S  T O N N A G E ;  S I M U L A T O R  D A T A
T a b l e  3 . 2  ( p .  3 7 )  g i v e s  t h e  d i s t r i b u t i o n  o f  s h i p s  b y  g r o s s  
t o n n a g e  u s e d  a s  o w n  s h i p s  i n  t h e  s i m u l a t o r  e x e r c i s e s .  I t  w a s  
m e n t i o n e d  t h e r e  t h a t  t h i s  i s  p r o b a b l y  a  t y p i c a l  d i s t r i b u t i o n  o f  t h e  
s i z e  o f  s h i p s  w h i c h  t h e  s t u d e n t s  a r e  a c c u s t o m e d  t o  n a v i g a t i n g  b u t  i s  
n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  f o r  t h e  t r a f f i c  i n  a n y  o n e  a r e a .  I n  
p a r t i c u l a r  i t  w i l l  n o t  b e  r e p r e s e n t a t i v e  f o r  c o a s t a l  w a t e r s  w h e r e  
t h e r e  w i l l  b e  m a n y  m o r e  s m a l l e r  b o a t s .  T h i s  p o i n t  i s  i l l u s t r a t e d  i n  
A p p e n d ix  V I  w h e r e  t h e  d i s t r i b u t i o n  o f  o w n  s h i p s  i n  t h e  D o v e r  S t r a i t  
e x e r c i s e s  i s  c o m p a r e d  t o  t h e  d i s t r i b u t i o n s  o f  s h i p s  i n  a r e a s  a t  v a r y i n g  
d i s t a n c e s  f r o m  t h e  K e n t  c o a s t  o b s e r v e d  i n  o n e  o f  t h e  N a t i o n a l  P h y s i c a l  
L a b o r a t o r y ' s  s u r v e y s  o f  t h e  D o v e r  S t r a i t  i n  1 9 7 1 (  1 0 ) .  I n  t h e  m a in  
s h i p p i n g  l a n e ,  t h e  d i s t r i b u t i o n  i s  m u c h  m o r e  r e p r e s e n t a t i v e  t h a n  i n  
t h e  r e g i o n s  c l o s e  t o  t h e  c o a s t .  T h e  i n c l u s i o n  o f  t h e  t a r g e t  s h i p s  
i n  a n y  o n e  a r e a  m a k e s  t h e  t r a f f i c  m i x  m o r e  r e p r e s e n t a t i v e  s o  t h e  
b e h a v i o u r  o f  t h e  s h i p s  s h o u l d  n o t  b e  a f f e c t e d  f o r  t h i s  r e a s o n .
H o w e v e r ,  t h e  s i m u l a t o r  d a t a  w i l l  o n l y  g i v e  r e s u l t s  f o r  l a r g e r  s h i p s .
T h e  d i s t r i b u t i o n s  o f  d i s t a n c e  o f  o t h e r  s h i p s  f r o m  t h e  c e n t r a l  
s h i p  b y  s e c t o r  w e r e  p r e p a r e d  i n  s e v e n  d i f f e r e n t  t o n n a g e  g r o u p s  f o r  
t h e  c e n t r a l  s h i p .  T h e  f i r s t  g r o u p  c o n s i s t e d  o f  s h i p s  w h o s e  t o n n a g e  
w a s  u n k n o w n  s o  t h i s  w a s  o m i t t e d  f r o m  a n y  f u r t h e r  a n a l y s i s  a s  t h e  s h i p s  
i n  i t  c o u l d  w e l l  h a v e  a  v a r i e t y  o f  d i f f e r e n t  t o n n a g e s  a n d  h e n c e  c o n f u s e  
t h e  i s s u e .  T h i s  w a s  h o w e v e r  u n l i k e l y  t o  i n t r o d u c e  b i a s  i n  a n y  p a r t i c u l a r  
d i s t r i b u t i o n .  T h e  s i x  r e m a i n i n g  g r o u p s  w e r e : -  
4 0 0 0  g . r . t .  a n d  u n d e r  
5 0 0 0  -  9 0 0 0  g . r . t .
10000  g . r . t .
110 00  -  1 8 0 0 0  g . r . t .
2 0 0 0 0  -  4 5 0 0 0  g . r . t .
5 0 0 0 0  -  100000 g . r . t .
T h e  p r o g r a m  i s  g i v e n  i n  A p p e n d ix  V I I I  .
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R e s u l t s
T h e  v a l u e s  o f  t h e  K r u s k a l - W a l l i s  s t a t i s t i c  w e r e  a s  f o l l o w s  
S e c t o r  1  9 . 0 3
S e c t o r  2  1 9 . 6 3
S e c t o r  3  6 4 . 8 6
S i n c e  t h e r e  a r e  5  d e g r e e s  o f  f r e e d o m ,  t h e  a p p r o p r i a t e  c r i t i c a l  v a l u e  
a t  t h e  5 %  l e v e l  o f  s i g n i f i c a n c e  i s  1 1 . 0 7 .  T h u s  t h e  S e c t o r  1  v a l u e  
i s  n o t  s i g n i f i c a n t ,  b u t  t h e  S e c t o r  2  v a l u e  i s  h i g h l y  s i g n i f i c a n t  a n d  
t h e  S e c t o r  3  v a l u e  c a n  b e  d e s c r i b e d  a s  v e r y  h i g h l y  s i g n i f i c a n t .
T a b l e  6 . 2  c o n t a i n s  t h e  v a l u e s  o f  t h e  d o m a n g e s  w h i c h  w e r e  c a l c u l a t e d ,  
S i n c e  t h e  n u m b e r  o f  s a m p le  p o i n t s  w e r e  n o t  a l w a y s  a d e q u a t e  t o  m a k e  t h e  
p a t t e r n  c o m p l e t e l y  c l e a r  s o m e  o f  t h e  o r i g i n a l  g r o u p i n g s  w e r e  c o m b in e d .  
T h e  s a m p le  s i z e s  o n  w h ic h  t h e  v a l u e s  a r e  b a s e d  a r e  a l s o  s h o w n  i n  
T a b l e  6 . 2 .  E v e n  t h e n  i t  w a s  n o t  a l w a y s  e a s y  t o  f i n d  t h e  c o r r e c t  v a l u e ,  
p r o b a b l y  a g a in  d u e  t o  t h e  i n t e r a c t i o n  e f f e c t s  o f  t h e  o t h e r  v a r i a b l e s .
I n  p a r t i c u l a r  t h e  f i r s t  s e c t o r  o f  t h e  l a r g e s t  s h i p s  a n d  t h e  t h i r d  
s e c t o r  o f  t h e  s m a l l e s t  s h i p s  p r e s e n t e d  d i f f i c u l t y .  I t  w a s  a l s o  c o n ­
s i d e r e d  a d v i s c i b l e  t o  c h e c k  f o r  a n y  p o s s i b l e  b i a s  i n  t h e  r e p r e s e n t a t i o n  
o f  g j i i p  s i z e  b y  a r e a ,  t h e  a n a l y s i s  o f  w h ic h  i s  c o n t a in e d  i n  A p p e n d ix  V I .  
T h e  m o s t  s i g n i f i c a n t  f e a t u r e  w a s  t h e  i n e v i t a b l e  p r e d o m in a n c e  o f  s h i p s  
o f  1 0 0 0 0  g . r . t .  i n  t h e  O p e n  O c e a n  e x e r c i s e s  s i n c e  t h i s  w a s  t h e  s t a n d a r d  
s i z e  o f  s h i p  f o r  t h e  o p e n in g  e x e r c i s e s .  H o w e v e r ,  i t  d o e s  n o t  a p p e a r  
t o  h a v e  h a d  m u c h  d i r e c t  e f f e c t  o n  t h e  a c t u a l  r e s u l t s .
A t  t h i s  p o i n t  i t  i s  d e s i r a b l e  t o  c o n s i d e r  t h e  r e s u l t s  o f  t h e  S u n k  
s u r v e y  d a t a  o n  g r o s s  t o n n a g e  b e f o r e  a t t e m p t i n g  t o  d r a w  a n y  c o n c l u s i o n s ,  
a b o u t  t h e  r e l a t i o n s h i p s  w ' i t h  t h e  d o m a in  g e o m e t r y .
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G R O S S  T O N N A G E  I S U N K  S U R \ T : Y  D A T A
T h e  d i s t r i b u t i o n  o f  s h i p s  b y  t o n n a g e  a n d  t h o s e  i d e n t i f i e d  b y  t y p e  
a l o n e  i n  t h e  S u n k  s u r v e y s  w a s  g i v e n  i n  T a b l e  3 . 5 ,  w h e n  t h e  a c t u a l  
s u r v e y s  w e r e  d e s c r i b e d .  I t  w a s  d e c id e d  t o  u s e  a  f a i r l y  s i m p l e  m e t h o d  
o f  a n a l y s i s  a n d  t o  d i v i d e  t h e  s h i p s  i n t o  n i n e  m u t u a l l y  e x c l u s i v e  
c a t e g o r i e s  a s  c e n t r a l  s h i p .  T h e s e  w e r e .
1 .  U n d e r  4 0 0  g . r . t .
2 .  4 0 0  b u t  u n d e r  5 0 0  g . r . t .
3 .  5 0 0  b u t  u n d e r  2000 g . r . t .
4 .  2000 b u t  u n d e r  5 0 0 0  g . r . t .
5 .  5 0 0 0  b u t  u n d e r  10000 g . r . t .
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S I M U L A T O R  D A T A  -  A L L E X E R C I S E S
G r o s s  T o n n a g e S e c t o r  1 S e c t o r  2 S e c t o r  3
L e s s  t h a n  1 0 0 0 0  g . r . t .
^ • ® ( i o i ) ^ • ® ( 1 0 6 ) ° ' ^ ( 6 4 )
10000  g . r . t .
^ • ^ ( 9 7 ) ^ * ^ ( 12 0 ) ° * ^ ( 7 5 )
1 1 0 0 0  -  4 5 0 0 0  g . r . t .
^ * ^ ( 10 2 ) 1 . 1 ( 1 1 2 ) ^ • ^ ( 5 4 )
5 0 0 0 0  -  100000 g . r . t .
° * ^ ( 66 ) ° * ^ ( 5 1 ) ° ’ ^ ( 6 7 )
A l l  s i z e s ^ * ^ ( 3 7 3 ) ° ’ ® ( 4 0 9 )
0 . 5 ( 2 7 5 )
N o t e s  ( s e e  p . 3 2 2 )
*  E s t i m a t e d
T A B L E  6 . 2 V a l u e s  o f  t h e  D o m a n g e  i n  N a u t i c a l  M i l e s  a n d  
t h e  S a n 5) l e  S i z e s  f o r  t h e  S i m u l a t o r  D a t a  b y  
G r o s s  T o n n a g e  a n d  b y  S e c t o r
“  1 4 6  -
6 .  10000  g . r . t .  a n d  o v e r
7 .  F e r r i e s
8 .  F i s h i n g  b o a t s
9 .  S h i p s  c o m p l e t e l y  u n i d e n t i f i e d .
T h i s  m e a n t  t h a t  t h e r e  w e r e  s o m e  f e r r i e s  w h ic h  h a d  b e e n  c o n ^ l e t e l y  
i d e n t i f i e d ,  i n c l u d e d  i n  t h e  t o n n a g e  c a t e g o r y  b u t  n o t  i n  t h e  c l a s s  
o f  f e r r i e s ,  w h i c h  c o n s i s t e d  o f  t h o s e  i d e n t i f i e d  b y  t y p e  a l o n e .  T h e  
s m a l l e s t  c a t e g o r y ,  o f  u n d e r  4 0 0  g . r . t .  i n c l u d e d  f i v e  y a c h t s ,  b u t  t h e r e  
w e r e  i n s u f f i c i e n t  o f  t h e m  t o  m a k e  a n y  r e a l  d i f f e r e n c e ,  e s p e c i a l l y  a s  
t h e y  w e r e  v i s i b l e  f o r  s u c h  a  s h o r t  t i m e  c o n 5> a r e d  t o  t h e  o r d i n a r y  s h i p s .  
A p a r t  f r o m  t h e  i n c l u s i o n  o f  f i s h i n g  b o a t s  a s  o n e  c a t e g o r y  o f  c e n t r a l  
s h i p ,  t h e  e x c l u s i o n s  f o r  t h e  c e n t r a l  s h i p  w e r e  t h e  s a m e  a s  f o r  t h e  
b a s i c  p r o g r a m  d e s c r i b e d  o n  p a g e  7 6 .  T h e  p r o g r a m  u s e d  t o  p r o d u c e  t h e  
d i s t r i b u t i o n s  o f  d i s t a n c e  o f  o t h e r  s h i p s  f o r  e a c h  o f  t h e  c a t e g o r i e s  
o f  c e n t r a l  s h i p  b y  s e c t o r  i s  g i v e n  i n  A p p e n d ix  V I I I .
R E S U L T S
I t  w a s  d e c id e d  t o  c a r r y  o u t  t h e  a n a l y s i s  o f  v a r i a n c e ,  i n  t w o  w a y s ,  
f i r s t  u s i n g  a l l  n i n e  c a t e g o r i e s ,  a n d  s e c o n d l y  o m i t t i n g  t h e  f i s h i n g  
b o a t s  a n d  t h e  u n i d e n t i f i e d  s h i p s .  T h e  s e c o n d  s e t  o f  c a l c u l a t i o n s  
w e r e  d o n e  b e c a u s e  t h e y  p r o v i d e d  a  b e t t e r  c o m p a r i s o n  f o r  s i z e  s i n c e  
f i s h i n g  b o a t s  w e r e  e x p e c t e d  t o  b e h a v e  i n  a  d i f f e r e n t  f a s h i o n  f r o m  
o t h e r  s h i p s  a n d  t h e  u n i d e n t i f i e d  c a t e g o r y  m i g h t  w e l l  h a v e  c o n t a in e d  
a  v a r i e t y  o f  s i z e s  w h ic h  c o u ld  c o n f u s e  t h e  i s s u e .  H o w e v e r ,  t h e r e  
m i g h t  h a v e  b e e n  a  b i a s  t o w a r d s  t h e  s m a l l e r  s h i p s  a n d  i n  a n y  c a s e  t h e  
c a t e g o r y  w a s  r a t h e r  l a r g e  s o  i t  c o u l d  n o t  b e  i g n o r e d  a l t o g e t h e r .
T a k i n g  a l l  n i n e  c a t e g o r i e s ,  t h e  v a l u e s  o f  t h e  K r u s k a l - W a l l i s  
s t a t i s t i c  w e r e  a s  f o l l o w s :
S e c t o r  1  
S e c t o r  2  
S e c t o r  3
O n  t h i s  o c c a s i o n  t h e r e  w e r e  e i g h t  d e g r e e s  o f  f r e e d o m  g i v i n g  a  c r i t i c a l  
v a l o e  o f  1 5 . 5 1  a t  t h e  5 %  l e v e l  o f  s i g n i f i c a n c e .  O t h e r  c r i t i c a l  v a l u e s  
w e r e  2 0 . 0 9  ( 1 % )  a n d  2 6 . 1 2  ( . 1 % ) .  T h i s  s u g g e s t s  t h e r e f o r e  t h a t  t h e r e  
i s  a  v e r y  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  S e c t o r  1 ,  a n d  a l m o s t  
s i m i l a r l y  i n  S e c t o r  3 ,  b u t  S e c t o r  2  s h o w s  a  v a l u e  w h ic h  i s  j u s t  n o t
s i p n i f i c a n t .
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O r a i t t i n g  t h e  t w o  c a t e g o r i e s  d e s c r i b e d  a b o v e ,  t h e  r e c a l c u l a t e d  
v a l u e s  o f  t h e  K r u s k a l - W a l l i s  s t a t i s t i c  w e r e : -
S e c t o r  1  2 1 . 8 9
S e c t o r  2  5 . 2 8
S e c t o r  3  1 6 . 0 2
T h e s e  m u s t  b e  c o n p a r e d  w i t h  t h e  5 %  c r i t i c a l  v a l u e  o n  6 d e g r e e s  o f  
f r e e d o m  w h i c h  i s  1 2 . 5 9 .  T h e  p a t t e r n  i s  n o t  a l t e r e d  c o n s i d e r a b l y  
e x c e p t  t h a t  t h e  S e c t o r  2  v a l u e  i s  n o w  d e f i n i t e l y  n o t  s i g n i f i c a n t .
T h e  b e h a v i o u r  o f  f i s h i n g  v e s s e l s  a n d  t h a t  o f  o t h e r  v e s s e l s  t o w a r d s  
t h e m  w i l l  b e  c o n s i d e r e d  t o g e t h e r  i n  a  l a t e r  s e c t i o n  o f  t h i s  c h a p t e r ,  
b u t  o m i t t i n g  t h o s e  r e s u l t s ,  c a l c u l a t e d  v a l u e s  o f  t h e  d o m a n g e  a r e  g i v e n  
i n  T a b l e  6 . 3  f o r  t h e  o t h e r  c l a s s e s .  I t  a l s o  s h o w s  t h e  n u m b e r  o f  
p o i n t s  i n  e a c h  o f  t h e  d i s t r i b u t i o n s  u p  t o  2 . 5  n a u t i c a l  m i l e s  o f  s h i p s  
f r o m  t h e  c e n t r a l  s h i p .
I t  s h o u l d  b e  n o t e * d  t h a t  a l t h o u g h  t h e  o v e r a l l  i d e n t i f i c a t i o n  r a t e  
w a s  2 8 %  f o r  a l l  s h i p s  f u l l y  i d e n t i f i e d  u s i n g  t h e  n u r o b e r  o f  s h i p s  a s  
s h o w n  i n  T a b l e  3 . 5 ,  t h e  o v e r a l l  p e r c e n t a g e  o f  n u m b e r  o f  p o i n t s  i n  t h e  
d i s t r i b u t i o n s  u p  t o  2 .5  n . m i l e s  f o r  a l l  s h i p s  f u l l y  i d e n t i f i e d  c o m p a re d  
t o  t h e  e q u i v a l e n t  n u m b e r  f o r  a l l  s h i p s  i s  4 0 % .  I f  o n e  i n c l u d e s  a l l  
s h i p s  i d e n t i f i e d  b y  t y p e ,  t h e n  t h e  i d e n t i f i c a t i o n  r a t e  w a s  4 1 %  u s i n g  
n u m b e r  o f  s h i p s ,  b u t  i n  t e r m s  o f  n u m b e r s  o f  p o i n t s  i n  t h e  d i s t r i b u t i o n s  
t h e  f i g u r e  i s  5 3 %  i n c l u d i n g  f i s h i n g  b o a t s .  T h e  m a in  r e a s o n  f o r  t h e  
i n c r e a s e  i s  t h a t  o n l y  s h i p s  n e a r  t h e  c e n t r e  o f  t h e  r a d a r  s c r e e n  w e r e  
i n c l u d e d  a s  c e n t r a l  s h i p s  a n d  a s  t h o s e  i d e n t i f i e d  a l l  p a s s e d  n e a r  t h e  
c e n t r e  u s u a l l y  n e a r  t h e  p i l o t  v e s s e l ,  a  g r e a t  p r o p o r t i o n  o f  t h e i r  
j o u r n e y  w o u ld  b e  i n c l u d e d  e x c e p t  w h e n  w i t h i n  a  m i l e  o f  t h e  p i l o t  b o a t .  
T h o s e  u n i d e n t i f i e d  w e r e  o f t e n  v e r y  n e a r  t h e  e d g e  o f  t h e  s c r e e n  
t h r o u g h o u t  t h e i r  t r a c k .
T h e  n u in b e r s  i n  e a c h  o f  t h e  o r i g i n a l  c l a s s e s  c h o s e n  w e r e  h o w e v e r  
o f t e n  i n s u f f i c i e n t  t o  j u s t i f y  f u r t h e r  c a l c u l a t i o n .  T h e  s i x  o r i g i n a l  
t o n n a g e  d i v i s i o n s  w e r e  c o n d e n s e d  t o  f o u r  a n d  i n  t w o  i n s t a n c e s  t h e  
d i s t r i b u t i o n s  w e r e  c o m b in e d  t o  p r o d u c e  a  c l e a r e r  p i c t u r e .  T h u s  
r e t u r n i n g  t o  T a b l e  6 . 3 ,  s o m e  o f  t h e  r e s u l t s  f o r  t h e  d o m a n g e s  h a v e
b e e n  b r a c k e t e d  t o g e t h e r .
l!
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C o n c l u s i o n s
T h e  m o s t  i n t e r e s t i n g  f a c t o r  t o  a r i s e  f r o m  t h e s e  t w o  a n a l y s e s  i s  
t h e  S e c t o r  3  b e h a v i o u r .  A l t h o u g h  t h e  s i m u l a t o r  r e s u l t  w o u ld  s e e m  
t o  b e  a b n o r m a l l y  h i g h ,  t h e  f a c t  r e m a i n s  t h a t  t h e r e  i s  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  S e c t o r  3  b e t w e e n  t h e  d i f f e r e n t  s i z e  d i s t r i b u t i o n s  f o r  
b o t h  t h e  S u n k  a n d  t h e  s i m u l a t o r  d a t a ,  y e t  t h i s  i s  t h e  s e c t o r  w h e r e  
n o r m a l l y  t h e  l e a s t  d i f f e r e n c e ,  i f  a n y ,  a p p e a r s .  I t  i s  c o n s i d e r e d  
t h a t  t h i s  c o u l d  w e l l  b e  a  f e a t u r e  o f  t h e  r e a c t i o n  o f  o t h e r  s h i p s  t o  
t h e  s i z e  o f  t h e  c e n t r a l  s h i p  r a t h e r  t h a n  t h e  r e a c t i o n  o f  t h e  c e n t r a l  
s h i p  t o  t h e  o t h e r  s h i p s .  S e c t o r  3  w a s  d e f i n e d  i n  t e r m s  o f  t h e  
c o l l i s i o n  r e g u l a t i o n s  a n d  r e p r e s e n t e d  t h e  r e g i o n  w h e r e  t h e  c e n t r a l  
s h i p  c e a s e d  t o  h a v e  d i r e c t  r e s p o n s i b i l i t y .  L o o k i n g  a t  t h e  r e s u l t s  
i n  T a b l e s  6 . 2  a n d  6 . 3  i t  w o u ld  s u g g e s t  t h a t  t h e r e  i s  a  t e n d e n c y  f o r  




T h e  a c t u a l  v a l u e s  o b t a i n e d  f o r  t h e  s i m u l a t o r  a n d  S u n k  d a t a  a r e  
e Y i d e j i t l y  n o t  d i r e c t l y  c o n ^ J s r a b le  b e c a u s e  o f  t h e  v a r i e t y  o f  o t h e r  
f a c t o r s  a t  w o r k  b u t  t h e  p a t t e r n  d o e s  s e e m  t o  b e  c o m p a t i b l e .
T h e  r e s u l t s  f o r  S e c t o r  1  a n d  2  a r e  a t  v a r i a n c e ,  i n  t h a t  f o r  t h e  
s i m u l a t o r  d a t a .  S e c t o r  2  s h o w s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  
s i z e  c l a s s e s  a n d  f o r  t h e  S u n k  d a t a  i t  i s  o n l y  p r e s e n t  i n  S e c t o r  1 .
A g a i n  i t  i s  f e l t  t h a t  t h e  S u n k  d a t a  i s  t h e  m o r e  s u i t a b l e  o f  t h e  t w o  a t  
t h i s  s t a g e  b e c a u s e  i t  i s  r e l a t e d  t o  o n e  a r e a .  H o w e v e r ,  e x a m i n a t i o n
o f  t h e  r e s u l t s  w o u ld  s u g g e s t  t h a t  i n  b o t h  s e c t o r s  t h e r e  m a y  b e  a  g r a d u a l  
i n c r e a s e  i n  t h e  s i z e  o f  t h e  d o m a in  a s  t h e  s i z e  o f  t h e  s h i p  i n c r e a s e s .
T h e  o n l y  e x c e p t i o n  f r o m  t h i s  p a t t e r n  i s  t h e  c a s e  o f  v e r y  l a r g e  s h i p s  i n  
t h e  s i m u l a t o r  e x e r c i s e s .  T h e  r e d u c e d  s i z e  o f  t h e  d o m a n g e s  f o r  
S e c t o r s  1  a n d  2  s e e m  t o  i n d i c a t e  t h a t  s h i p s  o f  t h i s  s i z e  b e c a u s e  o f  
t h e i r  l i m i t e d  m a n o e u v e r a b i l i t y  m a y  t a k e  a  p a s s i v e  r o l e  i n  a v o i d i n g  
c o l l i s i o n s  w i t h  s h i p s  i n  t h o s e  s e c t o r s  a s  w e l l  a s  w i t h  s h i p s  i n  S e c t o r  
3 .  T h e  s i m i l a r i t y  o f  t h e  d o m a n g e s  f o r  a l l  t h r e e  s e c t o r s ,  f o r  t h i s  
c l a s s  o f  s h i p ,  l e n d s  s u p p o r t  t o  t h i s  a r g u m e n t .  O n e  p o s s i b l e  i n t e r ­
a c t i o n  e f f e c t  w i t h  t h e  t y p e  o f  a r e a  i s  t h a t  t h e r e  i s  a  c e r t a i n  l i m i t  
b e y o n d  w h i c h  t h e  s i z e  o f  t h e  d o m a in  c a n n o t  g r o w .  T h i s  a d d i t i o n a l l y  
m i g h t  e x p l a i n  t h e  d i f f e r e n c e s  b e t w e e n  t h e  t w o  s e t s  o f  d a t a .
T h e  r e s u l t  f o r  t h e  c a t e g o r y  ’ F e r r y s ’ i s  a l s o  r a t h e r  i n t e r e s t i n g  
a s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  S e c t o r  1  a n d  S e c t o r  2  v a l u e s  s e e m  t o  




-  1 5 0  -
T h e  f e r r y s  p a s s i n g  t h r o u g h  t h e  a r e a  h a d  s o m e  o f  t h e  h i g h e s t  s p e e d s ,  
a n d  a s  a  r e s u l t  t h e y  s e e m  t o  h a v e  a  l a r g e  S e c t o r  1  d o m a n g e  a g a i n s t  a  
s m a l l  S e c t o r  2  d o m a n g e .
T h e r e  i s  a  g r e a t  d e a l  o f  w o r k  t h a t  m u s t  s t i l l  b e  d o n e  o n  t h i s  
a s p e c t  o f  t h e  t o p i c .  M o r e  d a t a  i s  n e e d e d ,  p a r t i c u l a r l y  t o  e x a m in e  
t h e  in t e r d e p e n d e n c e  o f  s h i p  s i z e  a n d  a r e a .  H o w e v e r ,  f r o m  t h e  
l i m i t e d  a m o u n t  a v a i l a b l e ,  i t  h a s  b e e n  p o s s i b l e  t o  s u g g e s t  a  t e n t a t i v e  
c o n n e c t i o n  b e t w e e n  t h e  s i z e  o f  s h i p  a n d  t h e  s h a p e  o f  t h e  d o m a in .
L E N G T H  B E T W E E N  P E R P E N D I C U L A R S :  S u n k  D a t a
A n  a l t e r n a t i v e  m e t h o d  o f  e s t a b l i s h i n g  a  r e l a t i o n s h i p  b e t w e e n  t h e  
d i m e n s i o n s  o f  a  d o m a in  a n d  t h e  s i z e  o f  t h e  s h i p  w o u ld  b e  t o  m e a s u r e  
t h e  l e n g t h  o f  t h e  s h i p .  T h e  l e n g t h  b e t w e e n  p e r p e n d i c u l a r s  w a s  c h o s e n  
a n d  t h e  d i s t r i b u t i o n  o f  s h i p s  i n  t h e  S u n k  s u r v e y  b y  l e n g t h  w a s  s h o w n  
i n  T a b l e  3 . 6  .  S i m i l a r  i n f o r m a t i o n  w a s  n o t  c o l l e c t e d  f o r  t h e  
s i m u l a t o r  d a t a  a s  i t  w o u ld  h a v e  i n v o l v e d  s o m e  a d d i t i o n a l  a s s u n 5> t i o n s .
I t  i s  f e l t ,  i n  a n y  c a s e  t h a t  i t  w a s  n o t  n e c e s s a r y  t o  c o m p a re  t h e  t w o  
s e t s  o f  d a t a  o n  e v e r y  v a r i a b l e  o n c e  a n  i n i t i a l  c o r r e s p o n d e n c e  h a s  b e e n  
e s t a b l i s h e d ,  s i n c e  t h e  m a in  s i g n i f i c a n c e  o f  t h i s  p r e s e n t  c h a p t e r  i s  
t o  s u g g e s t  f u t u r e  l i n e s  o f  i n v e s t i g a t i o n .
F o r  t h e  f i r s t  s t e p s  o f  t h e  a n a l y s i s  t h e  l e n g t h s  o f  t h e  c e n t r a l  
s h i p s  w e r e  d i v i d e d  i n t o  s i x  g r o u p s .
1 .  S h i p s  w h o s e  l e n g t h  w a s  n o t  k n o w n ,  a n d  w h i c h  c o u l d  n o t  b e  
i d e n t i f i e d  b y  t y p e  e i t h e r .
2 .  S h i p s  o f  l e n g t h  b e t w e e n  1 0 0  a n d  2 0 0  f e e t .
3 .  L e n g t h  b e t w e e n  2 0 0  a n d  3 0 0  f e e t .
4 .  L e n g t h  b e t w e e n  3 0 0  a n d  4 0 0  f e e t .
5 .  L e n g t h  b e t w e e n  4 0 0  a n d  5 0 0  f e e t .
6 .  L e n g t h  b e t w e e n  5 0 0  a n d  8 0 0  f e e t  ( l a r g e s t  r e c o r d e d ) .
D i s t r i b u t i o n s  w e r e  p r e p a r e d  a g a in  f o r  e a c h  l e n g t h  g r o u p i n g  o f  c e n t r a l  
s h i p s  u s i n g  t h e  p r o g r a m  d e t a i l s  o f  w h i c h  a r e  g i v e n  i n  A p p e n d ix  V I I I .
R e s u l t s
S i n c e  t h e  f i r s t  c a t e g o r y  w a s  a g a in  r a t h e r  i n d e t e r m i n a t e  b u t  o f  a  
r a t h e r  l a r g e  s i z e ,  t h e  a n a l y s i s  o f  v a r i a n c e  w a s  c a r r i e d  o u t .  f i r s t  o f  
a l l  i n c l u d i n g  i t  b u t  t h e n  e x c l u d i n g  i t .
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S U N K  S U R V E Y  D A T A  -  A L L  S U R V E Y S
L e n g t h  B e t w e e n  
P e r p e n d i c u l a r s  F e e t
S e c t o r  1 S e c t o r  2 S e c t o r  3
100  f t .  b u t  l e s s  t h a n  
200  f t .
^ • ^ ( 7 8 )
0 . 6 ( 7 9 )
° ’ ^ ( 9 0 )
200 f t .  b u t  l e s s  t h a n  
3 0 0  f t .
° * ^ ( 2 A ) ° * ^ ( 3 4 ) ° * ^ ( 7 0 )
3 0 0  f t .  b u t  l e s s  t h a n  
4 0 0  f t . ^ * ^ ( 3 0 )
0 . 7 ( 3 2 ) 0 . 6 ( 3 7 )
AOO f t .  a n d  m o r e
° ’ ® ( A 3 ) ^ • ^ ( 3 0 ) ° * ^ ( 8 1 )
S h i p s  n o t  I d e n t i f i e d ^ • ^ ( 2 9 0 ) ° * ^ ( 3 0 2 ) ° * ^ ( 4 0 7 )
A l l  S h i p s ° * ^ ( 5 3 0 ) ° * ^ ( 5 3 8 ) ° - ^ ( 7 8 5 )
N o t e s  ( s e e  p . 3 2 2 )
T A B L E  6 .  A V a l u e s  o f  t h e  D o m a n g e  i n  N a u t i c a l  M i l e s  
a n d  t h e  S a m p le  S i z e s  f o r  t h e  S u n k  S u r v e y  
D a t a  b y  L e n g t h  a n d  b y  S e c t o r
-  1 5 2
T h e  f o l l o w i n g  v a l u e s  o f  t h e  K r u s k a l - W a l l i s  s t a t i s t i c  w e r e  
o b t a i n e d  w h e n  t h e  f i r s t  c a t e g o r y  w a s  i n c l u d e d  a n d  t h e  e q u i v a l e n t  
r e s u l t s  w h e n  i t  w a s  e x c l u d e d  a r e  s h o w n  i n  b r a c k e t s .
S e c t o r  1  
S e c t o r  2  
S e c t o r  3
1 3 . 2 3  ( 1 5 . 2 1 )
5 . 1 2  ( 3 . 1 2 )
1 4 . 8 3  ( 3 . 9 7 )
T h e  c r i t i c a l  v a l u e s  a t  t h e  5 %  l e v e l  a r e  1 1 . 0 7  a n d  9 . 4 9  o n  5  a n d  4  
d e g r e e s  o f  f r e e d o m  r e s p e c t i v e l y .  T h i s  p a t t e r n ,  n o t  s u r p r i s i n g l y ,  i s  
v e r y  s i m i l a r  t o  t h a t  t h r o w n  u p  w h e n  t h e  s u b - d i s t r i b u t i o n s  b y  g r o s s  
t o n n a g e  w e r e  c o n s i d e r e d .  R e f e r e n c e  t o  T a b l e  6 . 4  w h e r e  t h e  r e s u l t s  
f o r  t h e  d o m a n g e s  i n  e a c h  l e n g t h - g r o u p  a r e  g i v e n  s h o w  t h a t  t h e  p a t t e r n  
i s  in d e e d  c o n f i r m e d .  F o r  t h e  a c t u a l  c a l c u l a t i o n  o f  t h e  d o m a n g e s ,  
s h i p s  t h a t  w e r e  i d e n t i f i e d  b y  t y p e  a l o n e  w e r e  e x c lu d e d  f r o m  t h e  c a t e g o r y  
* s h i p s  n o t  i d e n t i f i e d ’ s i n c e  t h e  a n a l y s i s  b y  g r o s s  t o n n a g e  h a d  s h o w n  
t h e s e  s h i p s  t o  b e  r a t h e r  d i f f e r e n t  w i t h  r e s p e c t  t o  d o m a n g e s  t h a n  t h e  
s h i p s  n o t  i d e n t i f i e d  a t  a l l .  F o r  c o n s i s t e n c y ,  t h e s e  s h i p s  w e r e  a l s o  
e x c lu d e d  i n  t h e  c a l c u l a t i o n  o f  t h e  K r u s k a l - W a l l i s  s t a t i s t i c s .  T h e  
f i g u r e s  f o r  s a n p l e  s i z e s  a l s o  s h o w n  i n  T a b l e  6 , 4  w i l l  t h e r e f o r e  n o t  b e  
t h e  s a m e  t o t a l  a s  s h o w n  f o r  a l l  s h i p s .
Conclusions
U n f o r t u n a t e l y  t h e  c a t e g o r i e s  o f  s h i p s  b y  l e n g t h  p r o d u c e d  f a i r l y  
s m a l l  s a m p le  s i z e s ,  s o  a l t h o u g h  t h e r e  w i l l  b e  l i t t l e  d i s t o r t i o n  o f  
t h e  r e s u l t s  b e c a u s e  o f  d i f f e r e n t  a r e a  e f f e c t s , t h e  m a in  p r o b l e m  w i t h  
t h e  s i m u l a t o r  d a t a ,  t h e  r e s u l t s  h a v e  l i m i t e d  r e l i a b i l i t y .  H o w e v e r ,  
t h e  m o s t  i n t e r e s t i n g  f a c t o r  i s  a g a i n  a  t e n d e n c y  f o r  t h e r e  t o  b e  a  l i m i t  
t o  t h e  a m o u n t  t h a t  t h e  S e c t o r  1  d o m a n g e  c a n  g r o w  w i t h  s i z e .  T h e s e  
r e s u l t s  t h u s  l e n d  s u p p o r t  t o  t h e  c o n c l u s i o n s  r e a c h e d  u s i n g  g r o s s  
t o n n a g e  a s  t h e  in d e p e n d e n t  v a r i a b l e .
F r o m  t h e  l i m i t e d  a m o u n t  o f  d a t a  i t  i s  d i f f i c u l t  t o  s a y  w h i c h  s i z e  
v a r i a b l e  ( l e n g t h  o r  g r o s s  t o n n a g e )  a p p e a r s  t o  b e  t h e  m o s t  s u i t a b l e .  
F u j i i  a n d  T a n a k a  ( 1 9 7 1 ) ^ ^ ^   ^ h o w e v e r  h a v e  e s t a b l i s h e d  a  l i n e a r  
r e l a t i o n s h i p  b e t w e e n  t h e  d o m a in  d i m e n s i o n s  a s  d e f i n e d  b y  t h e m  a n d  t h e  
l e n g t h  o f  s h i p .  W i t h  f u r t h e r  i n v e s t i g a t i o n  i t  w o u ld  b e  u s e f u l  t o  
d e t e r m i n e  w h i c h  s i z e  v a r i a b l e  i s  p r e f e r a b l e  f o r  e v a l u a t i n g  t h e  d o m a n g e .
-  1 5 3  -
M A X IM U M  S P E E D  O F  S H I P S ;  S I M U L A T O R  D A T A
S i n c e  t h e  s i z e  o f  s h i p s  i s  r e l a t e d  t o  t h e i r  m a n o e u v e r a b i l i t y ,  i t  
w a s  d e c id e d  t o  c o n s i d e r  a n o t h e r  v a r i a b l e  w h i c h  w a s  r e a d i l y  a v a i l a b l e  
f o r  t h e  s i m u l a t o r  d a t a ,  t h a t  o f  t h e  m a x im u m  s p e e d  o f  t h e  o w n  s h i p s .
F o r  t h e  a n a l y s i s  o f  v a r i a n c e  i t  w a s  d e c id e d  t o  u s e  o n l y  a  f e w  
d i v i s i o n s  o f  m a x im x im  s p e e d  v i z : -  
1 0  -  1 4  k n o t s
1 5  k n o t s
1 6  k n o t s
1 7  k n o t s  a n d  o v e r  
U n k n o w n
T h u s  s u b - d i s t r i b u t i o n s  o f  t h e  d i s t a n c e  o f  o t h e r  s h i p s  w e r e  p r e p a r e d  
b y  s e c t o r  f o r  c e n t r a l  s h i p s  i n  e a c h  o f  t h e  a b o v e  c a t e g o r i e s .  D e t a i l s  
o n  t h e  p r o g r a m  a r e  g i v e n  i n  A p p e n d ix  V I I I ,
R e s u l t s
C o n q p a r in g  t h e  d i f f e r e n t  d i s t r i b u t i o n s  f o r  m a x im u m  s p e e d  c h a n g e s  
w i t h i n  e a c h  s e c t o r  b y  t h e  K r u s k a l - W a l l i s  a n a l y s i s  o f  v a r i a n c e ,  t h e  
f o l l o w i n g  v a l u e s  o f  t h e  t e s t  s t a t i s t i c  w e r e  o b t a i n e d .  I t  w a s  a g a in  
d e c id e d  t o  o m i t  t h e  c a t e g o r y  f o r  s h i p s  w i t h  m a x im u m  s p e e d  u n k n o w n  a s  
i t  w a s  n o t  l i k e l y  t o  b e  b i a s e d  i n  a n y  w a y .
S e c t o r  1  1 8 . 8 3
S e c t o r  2  2 . 3 8
S e c t o r  3  6 . 0 8
O n  t h i s  o c c a s i o n  t h e r e  w e r e  3  d e g r e e s  o f  f r e e d o m  s o  t h e  5 %  c r i t i c a l  
v a l u e  w a s  7 . 8 1 ,  I t  c a n  b e  s e e n  t h a t  o n l y  t h e  S e c t o r  1  r e s u l t  i s  
s i g n i f i c a n t .  T h e  c o r r e s p o n d i n g  v a l u e s  o f  t h e  d o m a n g e s  a n d  t h e  
n u m b e r s  i n  t h e  d i s t r i b u t i o n s  o n  w h i c h  t h e y  a r e  b a s e d  a r e  g i v e n  i n  
T a b l e  6 . 5 .
C o n c l u s i o n s
M a x im u m  s p e e d  i s  a  l e s s  e a s i l y  d e t e c t a b l e  c h a r a c t e r i s t i c  t h a n  
g r o s s  t o n n a g e  o r  l e n g t h .  E v e n  i n  t h e  s i m u l a t o r  d a t a  w h e r e  t h e  s i z e  
o f  t h e  o t h e r  s h i p s  c a n n o t  b e  a c t u a l l y  s e e n ,  i t  w o u ld  a p p e a r  f r o m  t h e  
p r e v i o u s  r e s u l t s  t h a t  a s s e s s m e n t  o f  m a n o e u v r in g  c h a r a c t e r i s t i c s  i s  
s t i l l  m a d e  i n  t e r m s  o f  s i z e .  T h e  n o n - s i g n i f i c a n t  r e s u l t  i n  S e c t o r  3  
i n  t h i s  s i t u a t i o n  i s  t h u s  n o t  v e r y  s u r p r i s i n g .  I t  i s  o f  i n t e r e s t  
t h o u g h  t h a t  a g a in  t h e  s e c t o r  w h i c h  s h o w s  m o s t  r e s p o n s e  i s  S e c t o r  1 .
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..iAi
S I M U L A T O R  D A T A  -  A L L E X E R C I S E S
M a x im u m  S p e e d  i n  K n o t s S e c t o r  1 S e c t o r  2 S e c t o r  3
1 0 - 1 4  k n o t s
° * ^ ( 8 1 ) ° ’ ® ( 7 1 ) ° * ^ ( 3 8 )
1 5  k n o t s
° * ^ ( 5 1 ) ° * ® ( 3 6 ) ^ • ^ ( 3 3 )
1 6  k n o t s
° * ® ( 1 3 9 ) ° * ^ ( 1 5 0 )
0 . 8 ( 1 1 3 )
1 7  k n o t s  a n d  o v e r 1 « 6 ( 9 9 ) ° * ^ ( 1 4 2 ) ° ’ ® ( 7 6 )
A l l  S h i p s
^ • ^ ( 3 7 3 ) ° ‘ ® ( 4 0 9 )
0 . 5 ( 2 7 5 )
N o t e s  ( s e e  p . 3 2 2 )
T A B L E  6 . 5  V a l u e s  o f  t h e  D o m a n g e  i n  N a u t i c a l  M i l e s  a n d  
t h e  S a n ip le  S i z e s  f o r  t h e  S i m u l a t o r  D a t a  b y  
M a x im u m  S p e e d  i n  K n o t s  a n d  b y  S e c t o r
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The âctuâl pattern of results for the domange is less easily 
interpretable because the values for the ships with the highest speeds 
seem rather high. There is however a correlation of .48 between the 
maximum speed of own ships in the simulator exercises and their gross 
tonnage. The analysis of this is given in Appendix VI, p.300.
This correlation might therefore indicate a confounding of results 
due to the gross tonnage of the ship with that due to the maximum 
speed.
It would appear however from these results that, perhaps not 
surprisingly, the maximum speed of the ship is on its own not a very 
good predictor of a ship*s behaviour. Under many conditions the 
majority of ships will be travelling at sub-maximum speeds so whatever 
the maximum may be they all have spare speed potential for manoeuvres, 
thus there is no clear relationship between maximum speed and domange 
size.
LENGTH OF SEA EXPERIENCE OF THE SHIPPS NAVIGATOR; Simulator Data
In the discussion in Chapter 2 on the types of independent 
variables which might affect the size and shape of the domain, they 
were considered under three categories, viz:- psychological factors, 
physical factors specific to one ship and physical factors general to 
all ships in an area. The only psychological type factor which it 
was possible to study in this project was that of the length of sea 
experience of the ship's navigator. The experience-lengths of the 
navigators were divided into seven categories, as follows:- 
unknown 
6 - 8 years
9 - 1 1  years 
1 2 - 1 4  years 
15 - 19 years 
20 - 26 years 
and 27 - 41 years.
Distributions by sector of the positions of other ships were 
produced separately for each of the categories of experience of the 
navigator of the central ship.
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Results
Performing the Kruskal-Wallis analysis of variance in a similar 








These values must be compared against a 5% critical value of 12.59 
since there were 6 degrees of freedom. Sector 2 and 3 values can 
thus be seen to be easily non-significant but the Sector 1 value can 
be described as highly significant as the 1% critical value is 16.81.
Given in brackets afterwards are the values of the statistics 
omitting the first category of unknown experience. It is clear 
that the pattern has not changed, comparing them to the 5% critical 
value of 11.07 with 5 degrees of freedom.
As in the previous examples, values of the domanges have been 
calculated and are shown in Table 6.6 with the numbers on which the 
values were based shown for ease of reference next to them in the 
same table. No attempt was made to calculate values for the unknown 
category, since this obviously does not differ significantly from the 
others and additionally did not contain many values.. It was also 
necessary to combine two of the other categories because of too few 
values.
Conclusions
It was decided to check that the samples were not biased with 
respect to any area, as this was such an important factor. The 
analysis is contained in Appendix VI, p.301, where it is shown that 
there doss not appear to be any particular distortion of the data 
with respect to experience and area. However, it should not be 
forgotten again that the effect of the different areas may be confusing
some of the results.
The two most relevant sectors here are Sector 1 and Sector 2, 
of which Sector 1 is again the sector where there really appears to 
be a difference. In both these sectors the pattern is similar for 
increasing experience. With the smallest experience group the 
dim.ensions are small but rise with the next group. There is then
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SIMULATOR DATA - ALL EXERCISES
Length of Sea- 
Experience in Years Sector 1 Sector 2 Sector 3
6 - 8 years °*^(44) °*^(67) ^•^(37)
9 - 1 1  years ^*^(96) °*®(102) °*^(88)
12 - 19 years °*^(63) °*^(48) °*^(28)
20 - 26 years ^•^(56) °'^(65) 0 ‘8(54)
27 - 41 years ^*°(100) ^•°(108) °*^(60)
All Ships ^*^(373) °'®(409) °*^(275)
Notes (see p. 322)
TABLE 6.6 Values of the Domange in Nautical Miles and 
the Sample Sizes for the Simulator Data by 
Length of Sea-Experience and by Sector
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a decrease of dimensions with increase in experience.but again the 
final group of most experienced people show an increase in dimensions.
Following the work of Kemp (1974)^ discussed in Chapter 2, it 
was expected that a decrease in domanges would acconpany an increase 
in experience. It is quite possible that this pattern has not been 
completely picked up here because of the interaction of other factors. 
His work, on the other hand, involved navigators in exactly similar 
ships and exactly similar collision circumstances. It is clear 
therefore that more data is needed for this analysis so that it is 
possible to consider experience-length within each particular sea area,
The final sections of this chapter will consider the effect on 
a domain in the different circumstances which could be observed in 
the Sunk traffic surveys.
FISHING VESSELS; SUNK DATA
It was suggested in the discussion in Chapter 2 that there will 
probably be a difference in the behaviour of fishing vessels and in 
the behaviour of other ships to the fishing vessels. Since there 
were a certain number of fishing vessels observed in the Sunk surveys, 
an attempt was made to investigate two aspects of this problem:-
1, the behaviour of fishing boats as central ship to all other 
ships including other fishing boats;
2. the behaviour of other ships to fishing boats.
It was considered that there was insufficient data to examine 
exclusively the behaviour of fishing boats towards other fishing 
boats alone.
Fishing Vessels as Central Ship; Results
The first steps in this analysis were to compare the distributions 
of other ships around the central ship when fishing boats were central 
ship and when any other boat apart from a fishing boat was central ship. 
This analysis is given in detail in Appendix VI where it can be seen 
that Sectors 1 and 3 differ significantly but Sector 2 is non-significant, 
This result is very much in line with the results obtained generally 
when the. type of ship was considered. Sectors 1 and 3 being the sectors 
vhere differences arise and Sector 2 not altering much.
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In Sectors 1 and 3 the means of the distributions with the 
fishing boats as central ships were lower than those for other ships 
suggesting that there is a willingness for fishing boats to approach 
closer than for ordinary ships. Some of the difference is also 
attributable probably to the fact that the fishing boats were often 
together. This suggestion is supported when attempts are made to 
evaluate the domanges. Fig 6,2 shows the graphical representation 
of the distribution in Sector 1 and there appear to be two separate 
patterns, one possibly for other fishing vessels and the other for 
other ships. This double pattern was discernible in the other 
sectors. Thus the following values which can be read off are 







Fishing Vessels around Other Ships; Results
Comparing the distributions around a central ship which was not 
a fishing vessel, of (a) fishing vessels alone and (b) all ships other 
than fishing vessels there is no significant difference between them. 
Full details of this are given in Appendix VI page 302,
The tendency in Sector 1 and Sector 3 is for the means of the 
distributions with respect to fishing vessels to be greater than those 
for the distributions with respect to all other ships. The difference 
however is not significant. Unfortunately, this analysis is based on 
very small samples compared to the other distributions as there are 
only 135 points in total representing fishing vessels within 2,5 n,miles 
of the central ship. This also made it difficult to evaluate domanges 








From the above discussions, it is clear that the fishing vessel 
results have not produced very certain conclusions, and much more 
evidence is needed on this.
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Very tentatively it can be suggested that firstly, fishing vessels 
accept very small domains when surrounded by other fishing vessels. 
Secondly, other ships tend to keep slightly further away from fishing 
vessels than they do from 'ordinary* ships navigating through an area. 
It is very likely that these results will in any case be dependent on 
the particular area just as the general results are. It is therefore 
suggested that this should be studied carefully in any area where there 
is a high proportion of fishing vessels, if it is required to apply 
the concept of ship domains there.
BUOYS: SUNK SURVEY DATA
(23)Fujii and Tanaka ( 1 9 7 1 ) quote values for the dimensions of 
the domain of an obstacle, in terms of the average length of the 
ships passing. Their findings suggest much smaller domanges than 
for ships. It was therefore decided to consider this, using the 
concepts developed in the thesis on the Sunk survey data.
Fig. 6.3 shows the positions of the ten stationary objects which 
were sufficiently plain in the radar pictures. Of these ten objects, 
one was the Rough Tower, an old wartime fort surrounded by two buoys, 
but treated as one object in this analysis; a second was the Sunk 
lightvessel and the other eight were buoys. CoTi5)arison of this 
figure with Fig.3.9 shows that there were also a collection of buoys 
to the north-east of the Rough Tower marking the channel into Harwich. 
These were however omitted as it was not always possible to distinguish 
between them clearly. The behaviour of ships in the channel will 
however be considered after this.
«
The positions of the buoys were read in Cartesian coordinates 
and using a special program, the positions of all the buoys with respect 
to one ship could be calculated. This was then repeated for all ships 
and all time points and hence a similar set of distributions by 
sector were produced as for the situation with other ships. Details 
of the program used are given in Appendix VIII. For this investigation 
two separate runs were made, one with no exclusions and the second 
excluding the ships normally excluded as central ship in the analyses.
Results
The values of the domanges obtained under each of the two sets of 
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SUNK SURVEY DATA - ALL SURVEYS
Distributions With Respect 
to Buoys Based on:- Sector 1 Sector 2 Sector 3
All Ships as Central Ship °*^(223) ^•^(2A9) ^•^(305)
Selected Ships as 
Central Ship °*^(64) ^•^(60)
Distribution with Respect 
to Other Ships °*^(530) ^*^(538) ^•^(785)
Notes (see p.322)
TABLE 6.7 Values of the Domange in Nautical Miles and the 
Sample Sizes for the Sunk Survey Data by 
Reference to Buoys and by Sector
presented in Table 6.7. The most immediately striking fact is that 
the values for no exclusions are very much smaller than in the other 
case. In fact a very crude test on the distributions on which they 
are based shows that the distributions are significantly different.
Full details can again be found in Appendix VI. It is however, 
suggested that the values obtained when no exclusions are made, are 
in fact the more interesting values. By introducing the exclusions, 
only ships navigating generally through the area are considered and 
they may be nowhere near the buoys in any case. However, these values 
are very similar to the values obtained for the domain boundaries with 
respect to other ships. When no exclusions are considered the most 
important category of ships to be included in this context are those 
in the vicinity of the pilot boat and the pilot boat itself. As the 
pilot boat was always close to the Sunk lightvessel and the Sunk buoy, 
ships in this neighbourhood must have had to consider how close they 
approached the buoys in addition to their distance from each other.
It is therefore suggested that the values obtained in this case are 
the values appropriate to a situation where navigation must be close 
to the buoy, and the values obtained with the exclusions are the 
values appropriate to a situation where there is no need to be near 
to a buoy.
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If this reasoning is correct then the values would appear to 
agree with the Japanese results loentioned above. It should however 
be investigated further when more data is available to check that the 
smaller results are not too dependent on the lower speeds which must 
be present in the neighbourhood of the pilot vessel.
CHANNEL: SUNK SURVEY DATA
Reference to Fig. 3»9 , p.41 shows that in the north-west comer 
of the Sunk survey area the approaches to Harwich and Felixstowe are 
along a buoyed channel. At its narrowest point the channel is just 
under J mile wide, although it is reasonably variable throughout its 
length. It was decided therefore to investigate the movement of 
ships in this region, although being to one side of the screen the 
definition was not always very good. For this analysis, the only 
ships included were those actually in the area defined as the channel 
as described on p. . This applied to both central ships and the 
other ships in their distribution around the central ship.
Results







.No attempt has been made to draw further conclusions from this data 
for various reasons. Firstly, the san^ )le sizes on which they are 
based are again not very large viz:- Sector 1: 48, Sector 2: 52,
Sector 3: 60. Secondly, because the channel was variable in width
the results obtained must represent an average value over the whole 
channel. It is evident that these results could not be applicable 
to the narrowest point of the channel when two ships are exactly beam 
on. Thirdly, the analysis developed in this thesis should probably 
be adapted for a channel situation. For normal navigation the ship 
has equal freedom in two dimensions, so it is reasonable to define 
sectors around a ship. However, in the channel the freedom in one 
direction is restricted by the width of the channel. It might therefore 
be sensible to subdivide the sectors further and consider the situation 
separately within each one. Any future analysis on these lines should 
also consider different widths of channel to see if any simple relation­
ship can be found between the dimensions of the domain and the width of
the channel.
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For this present thesis these approximate values for the 
domange in a channel must be considered therefore as simply further 
evidence of the existence of a domain and the hypothesis that it will 
vary under different conditions.
DENSITY OF TRAFFIC; Sunk Data
The third variable which was present in the Sunk surveys was the 
density of traffic. It was decided to measure this indirectly by 
counting the number of ships within five miles of each other at each 
six-minute time point. This information was collected using the same 
definitions as for the basic distributions of ships around the central 
ship. Thus for each time point, the number of ships within 5 miles 
of each permissible central ship was counted. An overall mean was 




These figures measure the mean number of encounters of less than 5 
miles per time point. There was considerable hourly variation as 
Fig. 6.4 attempts to show. This gives the hourly means as defined 
above for each of the three surveys. The most outstanding feature 
is the very high value of 62,1 obtained in Survey 1 for the hour
00.00 - 01,00, This was partly explained by a group of ships entering 
the area from the north-east comer within rapid succession of each 
other. In fact the pilot boat had to service five ships in just over 
half-an-hour whereas often there would only be two or three an hour or 
less requiring the pilot boat.
Survey 1 was the roost variable of the surveys as the following 
standard deviations for the number of encounters per tiioe point shows.
Survey 1; 25., 4
Survey 2: 8.0
Survey 3: 11.3
Using this information it can be shown that all three means are 




Referring back to Table 5.14 p.l20 where the values for the 
domanges were given by sector for each survey, it is interesting to 
note that for all three sectors. Survey 2 had the greatest values.
Survey 1 the smallest values and Survey 3 lay in between. Since 
this is the reverse order for the mean density per survey it appears 
to support the hypothesis that the domange values will be inversely 
related to the density in the area. This is also consistent with the 
results obtained for the different areas in the simulator data.
The Kruskal-Wallis one-way analysis of variance was performed 




With 2 degrees of freedom the critical value for a 5% significance 
level is 5.99. Thus only in Sector 3 is the difference significant.
The possible explanation is that for one particular area, there is an 
adjustment for density, but it is not very large. Since Sector 3 
always contained the largest number of values in the Sunk survey data, 
any difference is most likely to show up there.
It is felt however that it is reasonable to conclude that the 
variety of results obtained for the three surveys can be accounted for 
by the variety in density. To actually derive the relationship 
between domain size and density, more detail is needed such as an 
analysis involving all points obtained at the same density level 
together,
SECTORS
The final topic to be considered in this chapter is the question 
of differences between the domanges in the three sectors. Although 
this is strictly of a different nature since there is not an independent 
variable involved as in the other topics in this chapter, it is one of 
the original hypotheses of the project and it seems most reasonable to 
consider it here.
The most interesting result is the way in which the different 
sectors respond to the different variables. Sector 1 was nearly 
always significantly different under different values of an independent
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variable, whereas Sector 2 was very rarely so. Sector 3 showed a 
significant difference when the size of ship changed but for other 
variables it was unaffected mainly. Thus the effect of the different 
variables is to change the shape of the domain as well as the size.
This is undoubtedly the most important factor making the analysis by 
each sector separately essential.
For any particular set of circumstances it is not always possible 
to detect a significant difference between the distributions for the 
three sectors using the Kruskal-Wallis analysis of variance on the 
distributions up to 2,5 nautical miles. However, taking as an 
example, the coinbined survey results for all the Sunk surveys, there 
is a significant difference between Sector 1 and Sectors 2 and 3 but 
not between Sector 2 and 3. From visual examination of the distri­
butions, it is possible that the displacement patterns are in fact 
different between Sector 1, 2 and 3. Generally the Sector 1 patterns 
appear to be of a similar form, and the same is true for Sectors 2 and 
3, which would explain why the use of a test based on a central point 
of a distribution does not necessarily show any significant difference 
between the three sectors. It also suggests that if any future work 
is done on the algebraic forms of the displacement curves it may be 
necessary to note a slightly different form for each sector.
SUMMARY
In this chapter the dependence of the size and shape of the domain 
on a variety of independent variables has been examined. The variables 
considered come under the broad headings of size and type of vessel, 
relative speed of vessel, sea-experience of the navigator and type and 
characteristics of the area of navigation.
In the light of these findings the possible uses that can be 




An Evaluation of the Project on Ship Domains 
INTRODUCTION
The first part of this final chapter will consider possible 
applications of the concept of a ship domain. It is proposed for this 
thesis simply to indicate ways in which the ship domain relationships 
might be applied to practical problems. Thus any detailed work on these 
ideas is seen as an extension of the project at a later date. Throughout 
the earlier chapters of the thesis mention has been made of the topics 
which also require further study; it is therefore appropriate to 
summarise these thoughts in the second half of the chapter,
APPLICATIONS OF SHIP DOMAINS
EXTERNAL OVERALL CONTROL OF SEA TRAFFIC 
GENERAL REMARKS
Discussions over the extent to which marine traffic should be 
subjected to external control of any sort have been fairly common over 
recent years. Even though it is a three-dimensional mode of transport 
air traffic has always had much more control exercised over it than 
marine traffic because of the speed at which aeroplanes can fly. Over 
the years a network of airways has been developed to avoid collisions 
between aircraft. Within these airways the air traffic control 
procedure has depended upon the maintenance of safe separation standards 
between aircraft. These standards were originally set largely by 
practical guesswork based on knowledge of pilots and airline operators 
on the standard errors of flights but are now determined by a. minimisation 
of collision risk arising from flying errors as mentioned on p.l7.
Van Hooff(1971) suggests a marine traffic control system on 
similar lines to an air system, and maintained by local authorities.
This would probably represent the most rigid type of control system, 
particularly if it were made mandatory.
At the moment the first steps towards the establishment of marine 
traffic control systems outside terminal areas and port approaches have 
already been taken with a mandatory routeing system in operation in the 
Dover Strait and in other areas. The next stage would be the setting 
up of shore based stations which could guide a ship through congested
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areas such as the Dover Strait according to agreed separation standards. 
Before considering how the ship domain values could be used in 
determining these separation standards it should be noted that in some 
port areas some sophisticated schemes are already in operation, e.g.
the Europoort scheme described by Schimmel (1971) (35)
Ship Separation Standards 
First Method;
It will be recalled that a ship domain has been defined as the 
area around a ship which a navigator would like to keep clear of other 
traffic. Thus it could be assumed that when this area is completely 
clear the navigator is under minimum stress. Even if the boundaries 
are violated by other ships, although there is a danger threat there, 
the boundaries have in any case been set so as to minimise the collision 
risk. A quick visual examination of the data obtained in this study 
helps to clarify this point. By the definition used to obtain the 
domanges there was certain to be a relatively small number of points 
inside a domain so there were occasions when the danger threats were 
increased. However, as might be expected, an actual collision was never 
observed, so it is reasonable to conclude that the navigators themselves 
choose the size of domain to minimise collision risk. It therefore 
follows that the values for the domanges would provide suitable 
separation standards.
The most simple method of all would be to take a uniform separation 
distance for all ships. The effect of this would be to lose the dist­
inction between the sectors. Since the results in the previous 
chapters support the hypothesis that Sector 1, the starboard bow sector, 
is the most important of the three sectors, as they were defined in 
Chapter 4, and in most areas has the largest dimensions anyhow, the 
domange for this sector should be used. Thus the domain, or separation 
zone around a ship, would become a circle with radius equal to the Sector 
1 domange. This in itself was found to be variable from area to area so 
would need to be established for the appropriate control system. Thus 
in the Sunk area the separation distance could be 0.9 n.miles, in the 
Dover Strait area 0.8 n.miles, in the Gibraltar Strait 1.5 n.miles and 






This simple approach is very akin to the approach used in the air
whereby single standards are set for a large number of aircraft. The
assun?)tion usually made is that aircraft on a given route can be
considered as identical units all flying with the mean speed observed.
I Reich (1964)^^^^ when considering traffic in the North Atlantic Region
quotes a mean observed speed of 480 knots so small variations will be
negligible compared to this. In contrast, when dealing with shipping
(25)Draper and Bennett(1971) in an analysis of speed distribution from 
an NPL Dover Strait survey, found larger variations in the speeds which 
meant that the speed distribution was fairly close to a normal distribution 
with mean 13 knots and standard deviation 4 knots. This implies that 
95% of ships will have speeds between 5 knots and 21 knots roughly.
Thus the assumption of uniform speed for marine traffic is less 
realistic.
The results of the previous chapter have also suggested that the 
domanges are affected by the speed of the ship and by its dimensions,
A slightly more sophisticated approach therefore would be to set 
separation standards depending on the length or tonnage of the ship say. 
Once variation is introduced then the three sector boundaries can be 
reintroduced as well. Thus if one ship is following another, both 
travelling at the same speed, then the separation distance between them 
will be the maximum of the third sector doraange of the first and the 
first sector domange of the second. This should lead to a more 
efficient use of sea space.. It would also be fairly easy to monitor, 
if a ship reporting at the control station gave details on its size, 
since the separation distances to be applied to it could be programmed 
onto the radar display in a similar manner as height information is given 
on air traffic control schemes.
This second approach has been discussed in terms of the dimensions 
of the vessel rather than speed because speed could always be controlled 
as well if necessary. If the marine traffic control system was made 
very similar to the air system, then Van Hooff suggests that ships would 
proceed along corridors and would have to seek permission before changing 
corridors. Thus speed would indirectly be controlled if the separation 
distances must be kept and there were no opportunity of changing corridors. 
In a less rigid system, ships could be allowed more freedom of action 
both in position and speed provided separation standards were not viblated, 
It might also be possible to take into account the normal cruising speed
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of a particular type of ship when setting separation standards, although 
no information has as yet been obtained on the relationship between 
domain size and size and speed of ship simultaneously.
Third Method
Another point which should be considered is the variations in ship 
behaviour at different times in the area. It has not been possible to 
consider the direct effect of weather conditions on the sizes of the 
domains but one of the original hypotheses was that they would vary 
inversely with the visibility distance. Thus it might be a good idea 
to establish further standards separately for good and poor visibility.
It has however been possible to show that there appears to be a 
relationship between density and domain size, again reverse. Evidence 
on this came from three separate Sunk surveys and the three areas in 
the simulator data. If domains shrink under increased density 
conditions, it is difficult to decide when the increase in risk has 
reached an intolerable level. More work will probably be needed on the 
relationship between density and domain boundaries before this question 
can be finally settled. It could be that there is a definite limit 
to the amount the boundaries will shrink and hence this will be the true 
domain boundary. However what is more likely is that the speed of the 
vessel will change, thus altering the domain boundaries anyway. It 
may in the long run, be better to send ships through an area maintaining 
a certain speed level, with the appropriate domanges than to allow 
congestion with slower and slower speeds. Another alternative might 
be to take a survey of ships* navigators to see what minimum navigation 
separation standards they would be willing to accept.
As a simple solution for the present, without more detailed 
knowledge, it is suggested that average values could be calculated for 
an area and possibly only making adjustments for the size of ship. This 
really is the technique that has been used throughout this thesis, 
particularly for the Sunk data since all the results involving indepen­
dent variables have been for all three surveys and hence for three 
different density levels combined.
Fourth Method
The fourth method is rather different from the others in that the 
separation standards would be calculated from the values for the domanges 
indirectly. The approach is similar to that used in air traffic studies
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whereby the accuracy of navigation is taken into account, and the level 
of risk which is considered safe. Under this method the separation 
standards would not be set at the domain boundaries but a certain 
distance from them to minimise collision risks. The three sector 
shape would however still be retained.
Since it is unlikely that ships will navigate through an area with 
a constant 100% accuracy, there will be a probability of the domain 
boundaries being breached. However, on the sea as opposed to the air 
because of the very different speeds involved, there is still time for 
the ships to manoeuvre out of the situation so the overall probability 
of collision is the product of the probability of the domain boundaries 
being broken and the probability of ineffective collision avoidance 
action being subsequently taken by the personnel of the ship. This 
second probability is likely to be very small.
f
Establishment of Controls Over Entry into a Certain Area
While discussing the question of control, an alternative approach
to having a shore-based guidance unit for the whole passage through an
area would be to have a control unit over ships entering the area.
Thus the actual navigation in the control area would be left entirely
to the ship’s personnel but restrictions would be put on the number of
(36)ships entering the area. Evidence analysed by the author (1972) 
showed that the distribution of ships per hour passing through the 
Dover Strait could reasonably be assumed to fit a Poisson distribution, 
(see Appendix VII). Thus the arrival of ships at an entry point to the 
Dover Strait can be considered to be random. Evidence from various 
other parts of the world supports this. If the minimum acceptable 
values for the domain boundaries could be established as suggested in 
the earlier comments in this chapter, studies could be made of areas 
where these minimum values are likely to be encountered. If their 
probability of occurrence is too high, then some form of entry control 
should be inposed.
It is evident that the question of control will be discussed for 
a long time to come as there are a great many factors to be taken into 
account, of an economic, legal, social and technical nature. Even if 
a service were not introduced for all ships it might be suitable for 
certain ones, such as very large tankers, ships carrying dangerous 
cargoes and ships with limited manoeuvering capabilities. Whatever
form it takes it is suggested that the ship domain concept will provide a 




The previous discussion on separation standards suggested an
alternative approach to this using an acceptable collision risk. This
collision risk was defined as the probability of breaching separation
standards multiplied by the probability of ineffective collision
avoidance manoeuvres subsequently. It is clear however, that a similar
analysis can be used for any area even if there are no specific separation
f25)standards in existence. Papers by Draper and Bennett(1972)' ' and
(24)Barratt (1973) have considered the effectiveness of the Dover Strait 
routeing system using as an objective measure the encounter rate for 
ships. If it can be assumed that the probability of effective collision 
avoidance manoeuvres is constant for encounters along all possible 
relative approaches of two ships then a study of encounter rates gives 
a direct approach to likely collision rates.
Different authors suggest different forms for the encounter area.
(37)Stratton (1971) in a general overview of some of the problems to be
faced in navigation, suggests an encounter area which varies with
(38)relative velocity. May (1971)'“ in a paper on the related topic of 
near mid air collisions in free airspace suggests on the other hand a 
fixed encounter area. Both papers on the Dover Strait mentioned above 
have used this second idea. Draper and Bennett for instance considered 
the encounter area to be a circle around the ship firstly, with radius 
1 nautical mile and secondly with radius J nautical mile, both 
arbitrarily chosen distances.
I It is now suggested that a ship domain should be used as the
encounter area. An encounter can be said to have occurred if had no 
j avoiding action been taken, one ship would have entered the domain 
■ of another.
The same remarks apply as given in the previous section because of 
the dependence of the domanges on a variety of variables. However, it 
is again suggested that the values obtained for an area using all the 
available data together are suitable values for the present, since they 
represent an average over the conditions observed. The degree of 
sophistication used will obviously depend on the study. Thus if the 
project is to be an observational one, it would be a relatively simple 
matter to count the number of encounters in a given area over a period 
of time by noting the number of evasive manoeuvres made. Each ship
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could be given a three-sector domain with domanges corresponding to the 
relevant variables. Thus various variables such as relative velocity, 
size of ship and experience of navigator could readily be included.
If however, the project is to be a theoretical one some simplifications 
are likely to be necessary unless a computer simulation approach is 
used. This will be returned to at a later point in the chapter.
Theoretical Models
1. A Circle
For an analytical approach it is often desirable to use a simple 
geometric figure as an approximation to a domain and assumptions must 
then be made. The simplest assumption would be to consider the encounter 
area as a circle but with radius given by Sector 1, as for a separation 
standard. Thus in the Dover Strait a value of 0,8 nautical miles 
should be taken.
2, An Ellipse with Major Axis in the Direction of the Ship*s Head
A second assumption would be to take the domain to be an ellipse, 
similar to the Japanese studies but not necessarily for the ship to be 
at the centre. The dimensions of the ellipse could be derived from the 
appropriate domanges. If the Dover Straits are taken as an example, the 
values of the domanges in Sector 1 and Sector 3 are 0.8 and 0.5 n.miles 
respectively. Thus in Fig. 7.1 if S represents the centre of the ship
Y'
FIG. 7.1 An ellipse with major axis in the direction of 
the ship*s head as a theoretical model for the 
ship’s domain
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XS + SX' = 0.8 + (X5 = 1.3 n.miles.
.*. XO = 0.65 n.miles = a (semi major axis)
If PS represents the Sector 1/Sector 3 boundary
67 30* and PS = 0.5 n.miles
.*. if PN is perpendicular to OX* 
PN = 0.5 sin 67°30* = .46 
SN = 0.5 cos 67°30* = .19
ON = .19 + .15 = .34
yy.
V/
But in parametric coordinates if a is the semi major axis and b is the 
semi-minor axis
ON = a cos 0 PN = b sin 0
Solving these equations gives 
b = .63 n,miles
Thus in this particular set of circumstances, it would seem reasonable 
to consider the domain as a circle with radius 0.65 n.miles but with the 
ship offset from the centre. This approximation will probably be 
suitable enough for most situations. Therefore it is suggested that a 
second approximation to the encounter area would be to consider a circle 
with radius the mean of the Sector 1 and the Sector 3 domanges. For 
the Sunk area, the radius would be 0.65 n.miles, as for the Dover Strait, 
but for the Gibraltar Strait it would be 1.05 n.miles and for the Open 
Ocean 1,6 n.miles.
3, An Ellipse with Major Axis Inclined to the Direction of the
Ship*s Head
A third analytical approximation to the domain shape for use as an 
encounter area would be to consider an ellipse with the ship off centre 
and the major axis at an angle to the fore and aft line of the ship.
Fig, 7.2 gives a representation of this idea. It has the advantage 
that it takes account of differences which may be found between the 
sector one and sector two domanges.
To calculate the relevant parameters of the ellipse, a, b, the semi 
major and minor axis respectively and (J) the angle between the major axis 
of the ellipse and the direction of the ship*s head some further 
assumptions must be made. With reference to Fig. 7.2, a possible
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solution raight be as follows 
Let XS = domange of Sector 1
Let AS = domange of Sector 2 .
Let X!S = domange of Sector 3 and 
PS = domange of Sector 3
If the values for the Strait of Gibraltar are taken as an example,
XS = 1.5 n.miles, AS = 1.4 n.miles and X’S = PS = 0.6 n.miles.
Since XS + X'S = 2.1 = 2a
a = 1.05 n.miles
Using the same reasoning as in the previous example:- b = .72 n.miles.
SO = .45 n.miles
This is considered valid since PS can lie anywhere in Sector 3 provided 
({) + 112¿ < 247|, i.e. provided ({> < 135. If this condition is not met 
the figure will not be an approximation to the domain shape.
Let AM be drawn perpendicular to XX'.
Then AM = AS sin <}) = 1.4 sin (j)
SM = AS cos (p = 1.4 cos (J)
OM = 1.4 cos (}; - .45
Since A lies on the ellipse, the values for AM and OM satisfy the 
equation of the ellipse
where a =1.05 n.miles b =0.72 n.miles
(1.4 cos ()i - .45)^ . 1.4 sin^ <{> _ i
2 21.05 .72
Solving this gives (j> ~ 16 .
Thus the analytical model for a ship domain in the- Gibraltar Strait 
could be an ellipse with major semi—axis of 1.05 n.miles, semi—axis of 
.72 n.miles and the major axis of the ellipse inclined at an angle of 
16° to the ship's head. Since there is this wide difference between 
the major and minor semi-axes in this situation this might well be a 
better model than the circular one suggested previously. All three 
suggestions which have been made are based purely on speculative grounds 
but have been put forward as possible ways in which the ship domain as
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FIG. 7.3 Encounter Between two Ships
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defined in this thesis could be adapted to provide a workable analytical 
model for encounter rates. The next stage must be to test them against 
actual data from all area to see which best approximates to the encounter 
area of the ship domain.
Method for Testing the Values of the Domanges
The concept of encounter rates can be used conversely to check the 
values of the domanges obtained. Consider the simplest situation where 
the domain is represented by a circle centred on the ship and of radius 
r. Assume there are two ships each moving with speed^v^Jji directions 
inclined at 0 to each other. 7.3 illustrates this situation.
There will be an encounter between the two ships requiring an avoiding 
! manoeuvre if the projection of the centre of one ship falls within the 
; projection of the domain of the other ship onto a line perpendicular 
i to the relative velocity vector V. In the diagram the relative 
velocity vector V is shown directionally for the motion of ship B with 
respect to ship A. The projection of the diameter of the domain of 
one ship, moving with relative velocity sweeps out an area at a rate 
R such that
R = 2rV
= 4rv sin 6
If movement is allowed from all directions then the limits on 0 
are 0 0 ^ 2-n. If we further assume that all values are equally likely
then the probability density function for 0, f(0)^is given by
f(e) = 0 ^ 0 ^  2TT
Thus the mean value of R with respect to 0 
.2it/ • 0 4vr sin-j
2tt de
4vr f 01 2-n
 ^ — y^f n is the mean number of ships in a given area A, then the mean number




Thus the total/number of encounters, N, in the area A in unit time is 
given byN = f q
if each encounter between two ships is counted only as one and not two 
Thus „ _ 4vr n(n - 1)N = ----- 1-----ttA
If N, n, V, and A were known then a solution for r could be obtained, 
q could be measured from radar film of an area or obtained from ship’s 
records as the mean number of evasive actions by a ship in passing through 
the area, so it should not be too difficult to calculate a value for r 
this way. Oshima and Fujii (1974)' have tried a similar method in 
a study in Japan. It is considered that one of the follow-up projects 
to this thesis should be aimed at checking the domange values using this 
method. It will obviously be necessary to consider the mean number of 
evasive actions per ship in each of the areas studied as this will be 
related to the area. Although it is unlikely that exactly the same 





One of the most basic equations in any traffic engineering study is 
the equation of traffic flow:-
volume = density x speed.
For marine traffic this equation takes the form as given by Stratton 
(1971) ( 37)
_____No. of ships______  ^ No. of ships ^ Distance
perimeter length x time Area Time
From this equation it is possible to define the basic capacity of a 
channel which may be thought of as the maximum number of ships that can 
negotiate the channel in a given unit of time assuming normal navigating 
conditions and ships of similar types. This is a useful concept for 
any traffic planning studies. Knowledge of ship domains enables these 
basic capacities to be calculated. Consider, for example, a channel five 
miles wide and five miles long. Since the Dover Strait represents the
area with the highest traffic density included in this study it is
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reasonable to consider the values for the domanges obtained there.
If we further assume one way traffic then the closest packing of ships 
would be as shown in the diagram below.
- position of ship 
—  - domain boundary
FIG. 7.4 Close Packing of Ships in a Channel
Since the Sector 1 domanges are the crucial ones in this sort of 
traffic, then the problem of how many ships can be present in a channel 
when all the ships are moving with the mean observed speed for the
channel, becomes the problem of how many squares with side equal to the
^  - —  _
Sector 1 domange can be fitted into the channel dimensions. Since for 
the Dover Strait the Sector 1 domange = 0.8n.m.,then for this particular 
channel, the number of ships which can be fitted in is 36. Thus the 
density is -^ = 1.44/sq.nile. (Theoretically the density is 
1.56/sq.mile, but this involves fractions of ships which could not be 
included). If 13 knots is taken as the mean speed in the channel as 
observed in a recent Dover Strait survey^^^^ the basic capacity can now 
be calculated as 1.44 x 1 3 1 9  ships per hour per mile of channel width. 
The total capacity for the channel is thus 19 x 5 = 95 ships per hour.
The figures chosen above are purely illustrative in that they represent 
the typical domain size averaged over density, speed and size of ship.
It was shown in Chapter 6 that there is a relationship between domain 
size and density and a relationship between domain size and relative 
velocity. In practice it is expected that there is in fact an interaction 
between density and speed so that the mean speed in an area reduces as the 
density increases.
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The diagram above is adapted from one in the paper by Stratton 
(37)(1971)'^  ' dealing with the capacity of traffic systems. The basic
capacity is calculated assuming mean free speed and average domain size, 
and this situation is represented by the dotted line. In practice 
there will probably be a reduction in speed before the basic capacity is 
reached and this is shown by the continuous line. The precise connection 
between actual and basic capacities will depend on the interrelation 
between speed and density but it is quite possible that the basic 
capacity will be larger than the actual capacity. More detailed study 
of the behaviour of ship domains under density and speed will enable 
this curve to be calibrated. A further extension of these ideas would 
be to incorporate the final suggestion made in the discussion of separation 
standards. If permitted levels of risk were also included and the 
accuracy distribution was known, a theoretical capacity for a channel 
could be calculated taking these factors into account also.
Journey Times
One important practical question which can be examined with a 
knowledge of traffic flows is the length of time a voyage will take.
Vanags in a discussion of the economics of congestion (1972)^^ 
suggested probable forms for time/density curves and time/flow curves. 
Knowledge of the relationships between domain boundary and density and 
domain boundary and speed could be used to calibrate these curves as well. 
This could be done for complete journeys and not just restricted to 
passages through narrow channels. The main practical problem which is 
likely to arise once an area with wider dinensions is chosen is the 
definition of traffic density around a central ship. For instance in
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an open ocean the density based on a very large area, could be almost 
zero although there might be several other ships in the vicinity of the 
central ship at the time. It is suggested that a circle of five mile 
radius around the central ship would provide a reasonable basis for the 
definition of surrounding density. This could be adopted whenever the 
dimensions of the area being studied are so large that a five mile 
circle can be fitted into it.
COMPUTER SIMULATION MODELS
The final application of the ship domain geometry which will be 
considered here is in the building of computer simulation models. For 
any system under study there is always a choice of building a mathematical 
analytical model or simulating the system physically or numerically.
Draper and Bennett (1972) when considering the modelling of encounter
rates in the Dover Strait chose a sinple analytical approach because 
there was insufficient information available about the behaviour of ships 
and hence ’detailed analysis of extensive traffic surveys would be 
necessary’, before more sophisticated studies could be attenpted.
It is suggested that the findings on ship domains in this project will 
now provide a suitable basis from which computer simulation models can be 
built. As each ship enters the system, data could be attached to it 
relating the required domain dimensions to the size of the ship, and 
giving details on the adaptation of the domain to changes in relative 
velocity and density. The passage of the ship through the area would 
be done with the dual objectives of reaching the planned destination and 
maintaining a clear domain. Thus before each move, all possible 
courses of action could be evaluated and the optimum chosen. The 
presence of several ships in the area will mean that it will not always 
be possible to maintain a clear domain and hence encounters will occur 
occasionally. It will also be possible to introduce obstacles into the 
area if required and to make the behaviour of ships with respect to them 
realistic. It was shown in the last chapter that the domains with 
respect to buoys and fishing vessels in the Sunk area were different 
from those with respect to other ships, so this would seem a very useful 
adaptation.
Once a realistic computer simulation model has been built for an 
area, there will be a variety of problems which it will be able to 
consider. This therefore could potentially be one of the most important 
applications of ship domain geometry.
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APPRAISAL OF THE PROJECT
Having spent the first part of the chapter discussing a few of 
the ways in which the knowledge of ship domains may be put to practical 
use, it is now necessary in conclusion to consider the work that has 
been done and the future work that must now be started.
Conclusions
As stated in the first chapter the project is seen as a contribution 
to the new science of marine traffic engineering. The first step has 
been the establishment of the fact that a ship domain, the area around a 
ship required by a navigator for safe and efficient navigation, does 
exist. Although a related concept had been established by Japanese 
marine traffic engineers, the existence of a ship domain as an area 
completely surrounding a ship is a new idea.
The next step necessary was to establish a definition whereby the 
domain could be identified and hence its boundaries calculated. The 
definition decided upon was that a ship domain is the area immediately 
surrounding a ship in which the density of other ships was less than the 
ambient density level. A practical method for evaluating the range of 
the domain boundary from the ship, the domange, has then been established 
referred to as the method of displaced numbers. It has also been 
possible to give a measure of accuracy for the doraanges by estimating 
their standard errors.
The domain was treated in three separate sectors around the ship 
defined by the maritime collision regulations. It has thus been 
possible to show that the shape of the domain as well as its size 
changes under the influence of independent variables.
The main findings of the effects of independent variables are 
summarised below.
1. Area
For all the areas considered, the shape of the domain remained more 
or less constant, with the largest domange in the starboard bow sector. 
Sector 1 and the smallest domange in the sector astern of the ship.
Sector 3. The size however depended on the density of ships and the 
general scope for manoeuvring in an area. Thus the largest dimensions 
were in the open ocean, with those for the Strait of Gibraltar much smaller
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n . m i l e s
F I G .  7 . 6  A  S h i p  D o m a in  f o r  t h e  S u n k  A r e a  o f  t h e  N o r t h  S e a
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a n d  t h o s e  f o r  t h e  D o v e r  S t r a i t  e v e n  s m a l l e r .  I t  w o u ld  a p p e a r  t h a t  a v e r a g e  
v a l u e s  n e e d  t o  b e  e s t a b l i s h e d  s e p a r a t e l y  f o r  a n y  a r e a  w h e r e  t h e ic o n c e p t  o f  
s h i p  d o m a in  i s  t o  b e  a p p l i e d .  W i t h i n  t h e  S u n k  a r e a  i t  h a s  b e e n  s h o w n  t h a t  a l l  t h r e e  
d o m a n g e s  g e t  s m a l l e r  a s  d e n s i t y  i n c r e a s e s  b u t  t h i s  e f f e c t  i s  p a r t i c u l a r l y  
m a r k e d  i n  t h e  t h i r d  s e c t o r ,  a s t e r n  o f  t h e  s h i p .  F i g .  7 . 6  s h o w s  a n  
a v e r a g e  d o m a in  d r a w n  t o  s c a l e  f o r  t h e  S u n k  a r e a .
2 .  R e l a t i v e  V e l o c i t y
T h e  p a t t e r n  s u g g e s t e d  b y  c h a n g e s  i n  r e l a t i v e  v e l o c i t y  i s  t h a t  t h e  
s t a r b o a r d  b o w  d o m a n g e s  i n c r e a s e  a s  r e l a t i v e  v e l o c i t y  i n c r e a s e s .
D o m a n g e s  i n  t h e  o t h e r  t w o  s e c t o r s  a r e  l e s s  a f f e c t e d  b u t  i f  a n y t h i n g  
h a v e  a  t e n d e n c y  t o  d e c r e a s e  a s  t h e  r e l a t i v e  v e l o c i t y  i n c r e a s e s .  T h u s  
t h e  s h a p e  o f  t h e  d o m a in  b e c o m e s  r a t h e r  v a r i a b l e  b u t  t h e  a c t u a l  a r e a  i t  
c o v e r s  s e e m s  l e s s  s o .
3 .  S i z e  o f  t h e  S h i p
U s i n g  e i t h e r  g r o s s  t o n n a g e  o r  t h e  l e n g t h  o f  a  s h i p  a s  a  m e a s u r e  
o f  i t s  s i z e ,  t h e r e  s e e m s  t o  b e  a n  i n c r e a s e  i n  t h e  d o m a n g e s  i n  a l l  t h r e e  
s e c t o r s  a s  t h e  s i z e  o f  t h e  s h i p  i n c r e a s e s .  T h i s  i s  p a r t i c u l a r l y  
n o t i c e a b l e  i n  t h e  s e c t o r  a s t e r n  o f  t h e  s h i p  a n d  t o  a  l e s s e r  e x t e n t  i n  
t h e  s t a r b o a r d  b o w  s e c t o r .  F r o m  t h e  s i m u l a t o r  d a t a  r e s u l t s  e s p e c i a l l y ,  
i t  a l s o  a p p e a r s  t h a t  t h e r e  i s  a  f i n i t e  l i m i t  t o  t h e  i n c r e a s e  i n  s i z e  
d e p e n d e n t  p r o b a b l y  o n  t h e  a r e a .  F o r  v e r y  l a r g e  s h i p s  t h e  d o m a in  h a s  
b e c o m e  c i r c u l a r ,  s u g g e s t i n g  t h a t  t h e  o t h e r  s h i p s  i n  t h e  a r e a  t a k e  t h e  
m o r e  a c t i v e  r o l e  i n  c o l l i s i o n  a v o id a n c e .  A p a r t  f r o m  t h i s  t h e  s h a p e  o f  
t h e  d o m a in  d o e s  n o t  a l t e r  c o n s i d e r a b l y .
A .  M a x im u m  S p e e d  o f  a S h i p
I t  w o u ld  a p p e a r  t h a t  t h i s  i s  n o t  a  v e r y  s u i t a b l e  v a r i a b l e  o n  i t s  
o w n  t o  p r e d i c t  d o m a in  s i z e ,  s i n c e  n o  o b v i o u s  p a t t e r n  e m e r g e s .
5 .  L e n g t h  o f  S e a - e x p e r i e n c e  o f  t h e  N a v i g a t o r
T h e  p a t t e r n  h e r e  w a s  r a t h e r  i n t e r e s t i n g  a s  i n  b o t h  S e c t o r s  1  a n d  2  
t h e r e  a p p e a r s  t o  b e  a  d e c r e a s e  i n  d o m a in  s i z e  a s  e x p e r i e n c e  . i n c r e a s e s .  
T h i s  h o w e v e r  i s  c o n t r a d i c t e d  b y  v e r y  lo w  v a l u e s  i n  t h e  l e a s t  e x p e r i e n c e d  
g r o u p  a n d  r a t h e r  h i g h  v a l u e s  i n  t h e  m o s t  e x p e r i e n c e d  g r o u p .  T h e  S e c t o r  
3 v a l u e s  i n c r e a s e  a s  e x p e r i e n c e  i n c r e a s e s  s o  t h e r e  i s  a l s o  a  c h a n g e  i n  
s h a p e .  M o r e  d a t a  i s  c e r t a i n l y  n e e d e d  h e r e  b e f o r e  a n y  f i r m  c o n c l u s i o n s  
c a n  b e  d r a w n .
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6 .  F i s h i n g  V e s s e l s
T h e  t e n t a t i v e  c o n c l u s i o n s  r e a c h e d  a r e  t h a t  f i s h i n g  v e s s e l s  k e e p  a  
d o m a in  w i t h  r e s p e c t  t o  o t h e r  f i s h i n g  v e s s e l s  b u t  o f  g r e a t l y  r e d u c e d  
d i m e n s i o n s .  N o n - f i s h i n g  v e s s e l s  h o w e v e r  p r e f e r  t o  h a v e  a  d o m a in  o f  
s l i g h t l y  l a r g e r  d i m e n s i o n s  t h a n  f o r  o t h e r  s h i p s  i n  t h e  a r e a ,  w h e n  
p a s s i n g  f i s h e r m e n .  T h e  s h a p e  i n  e a c h  c a s e  i s  m o r e  c i r c u l a r  t h a n  i s  t h e  
c a s e  a m o n g s t  n o n - f i s h i n g  v e s s e l s .
7 .  B u o y s
W h e n  p a s s i n g  a  b u o y  s h i p s  a p p e a r  t o  l e a v e  m u c h  m o r e  d i s t a n c e  i f  
i t  i s  o n  t h e  s t a r b o a r d  b o w  t h a n  a n y w h e r e  e l s e .  T h e  c o n c e p t  o f  a  d o m a in
s t i l l  e x i s t s  b u t  a l l  d i m e n s i o n s  a r e  m u c h  s m a l l e r  t h a n  f o r  t h e  d o m a in  
w i t h  r e s p e c t  t o  o t h e r  s h i p s .
i
A
T h e  c o n c l u s i o n s  a b o v e  o n  t h e  e f f e c t s  o f  v a r i o u s  in d e p e n d e n t  
v a r i a b l e s  o n  a  s h i p  d o m a in  h a v e  b e e n  p r e s e n t e d  i n  a  r a t h e r  t e n t a t i v e  
f o r m ,  b e c a u s e  i n  a n y  s t a t i s t i c a l  p r o j e c t  t h e  m e r e  p r e s e n c e  o f  v a r i a t i o n  
m e a n s  t h a t  c o n c l u s i o n s  c a n  n e v e r  b e  d r a w n  d e f i n i t e l y  a n d  f i n a l l y .  I t  
i s  f e l t  t h a t  m u c h  m o r e  d a t a  i s  n e e d e d  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  
m o r e  p r e c i s e l y  b u t  t h e  r e s u l t s  s o  f a r  c e r t a i n l y  i n d i c a t e  t h a t  f u r t h e r  
s t u d y  o f  t h e  s h i p  d o m a in  c o n c e p t  i s  w o r t h w h i l e .
B e f o r e  c o n s i d e r i n g  t h e  f u t u r e  d e v e lo p m e n t  o f  t h e  i d e a s  o n  s h i p  
d o m a i n s ,  t h e r e  a r e  s o m e  f u r t h e r  c o n c l u s i o n s  t o  b e  d r a w n  f r o m  t h i s  
p a r t i c u l a r  p r o j e c t  w h i c h  i n  f a c t  m a y  h a v e  m u c h  w i d e r  r e a c h i n g  c o n s e q u e n c e s ,
I t  h a s  b e e n  d e m o n s t r a t e d  i n  t h i s  p r o j e c t  t h a t  a  m a r i n e  r a d a r  
s i m u l a t o r  p r o v i d e s  a  v e r y  r e a l i s t i c ,  e f f i c i e n t  a n d  i n  t h i s  c a s e ,  c h e a p e r  
m e t h o d  o f  c o n d u c t i n g  r e s e a r c h  t h a n  a  m a r i n e  t r a f f i c  s u r v e y .  T h e  r e a l -  
l i f e  s u r v e y  d a t a  a n d  t h e  s i m u l a t o r  d a t a  c a n  b e  c o m p a r e d  o n  t h e  r e s u l t s  
o b t a i n e d  b y  r e l a t i v e  s p e e d ,  c l a s s  o f  s h i p  a n d  e v e n  b y  a r e a .  T h e  
r e s u l t s  o n  t h e  f i r s t  t w o  v a r i a b l e s  a r e  r e m a r k a b l y  c o n s i s t e n t ,  b e a r i n g  
i n  m in d  t h a t  t h e y  a r e  t a k e n  i n  d i f f e r e n t  s e a  a r e a s  a s  w e l l  a s  b y  
d i f f e r e n t  m e t h o d s .  T h e  c o m p a r i s o n  b y  a r e a  i s  a l s o  v e r y  r e a l i s t i c  
w a s  f e l t  t h a t  b e h a v i o u r  i n  a  c r o w d e d  a r e a ,  l i k e  t h e  D o v e r  S t r a i t ,  i n  f o g  
w o u ld  b e  s i m i l a r  t o  b e h a v i o u r  i n  a  s l i g h t l y  l e s s  c r o w d e d  a r e a ,  s u c h  a s  
t h e  v i c i n i t y  o f  t h e  S u n k  l i g h t v e s s e l ,  i n  c l e a r  w e a t h e r .  S i n c e  i t  i s  
e a s i l y  p o s s i b l e  t o  m e a s u r e  m o r e  v a r i a b l e s  u s i n g  t h e  s i m u l a t o r  a n d  t o  s o m e  
e x t e n t  e x e r c i s e  c o n t r o l  o v e r  s o m e  o f  t h e m ,  i t  i s  f e l t  t h a t  m u c h  m o re  u s e  
s h o u l d  b e  m a d e  o f  a  s i m u l a t o r  f o r  m a r in e  t r a f f i c  r e s e a r c h .  I t  w o u ld  b e
i n t e r e s t i n g  t o  c o m p a re  t h e  r e s u l t s  o b t a i n e d  o n  a  v i s u a l  s i m u l a t o r
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w i t h  r e s u l t s  o b t a i n e d  i n  a n  e q u i v a l e n t  r e a l - l i f e  a r e a  t o  s e e  i f  t h e r e  i s  
a n y  m e a s u r a b le  q u a n t i t y  w h i c h  c o u l d  b e  t e r m e d  ’ s i m u l a t o r  e f f e c t *  w h ic h  
m i g h t  d i s t o r t  r e s u l t s  a  l i t t l e .  H o w e v e r ,  t h e  c o n c l u s i o n  f r o m  t h i s  
s t u d y  i s ,  t h a t  i t  i s  c e r t a i n l y  n o t  v e r y  m a r k e d  i f  i t  i s  t h e r e ,  a n d  
h e n c e  t h e  s i m u l a t o r  d o e s  p r o v i d e  a  v e r y  v i a b l e  a l t e r n a t i v e  t o  a  t r a f f i c  
s u r v e y  f o r  r e s e a r c h  i n t o  t h e  b e h a v i o u r  o f  n a v i g a t o r s .
T h e  a c t u a l  m e t h o d  u s e d  f o r  t h e  t r a f f i c  s u r v e y  h a s  p r o v e d  t o  b e  v e r y  
s a t i s f a c t o r y  a n d  i t  i s  h o p e d  t h a t  a  s i m i l a r  a p p r o a c h  c a n  b e  u s e d  f o r  
o t h e r  p r o j e c t s  i f  r e a l - l i f e  d a t a  i s  r e q u i r e d .  I t  i s  a n  e x c e l l e n t  
i n t r o d u c t i o n  f o r  a  r e s e a r c h  w o r k e r  w h o  i s  n o t  i n i t i a l l y  c o n v e r s a n t  w i t h  
t h e  p r a c t i c a l  s i d e  o f  n a v i g a t i o n ,  t o  g o  o u t  o n  a  s h i p  t o  s u r v e y  r a t h e r  
t h a n  t o  u s e  s h o r e - b a s e d  r e c o r d s .
T h e  m e t h o d s  o f  d a t a  p r o c e s s i n g  d e v e lo p e d  i n  t h i s  p r o j e c t  a r e  a l s o  
c o n s i d e r e d  t o  h a v e  m u c h  f u t u r e  p r a c t i c a l  u s e .  T h e  a p p r o a c h  u s e d  f o r  t h e  
s u n k  s u r v e y  d a t a  i s  c o n s i d e r e d  t o  b e  t h e  b e s t ,  w h e r e b y  t h e  p o s i t i o n  o f  
e a c h  s h i p  a t  e a c h  t i m e  p o i n t  i s  m e a s u r e d  i n  c a r t e s i a n  c o o r d i n a t e s  r e l a t e d  
t o  a  f i x e d  o r i g i n  a n d  a x e s  a r b i t r a r i l y  s i t e d  i n  t h e  a r e a .  T h e  t i m e -  
in d e p e n d e n t  v a r i a b l e s  s u c h  a s  t o n n a g e ,  l e n g t h ,  e x p e r i e n c e  a n d  m a x im u m  
s p e e d  c a n  b e  r e a d  i n  a s  l i s t s  a n d  s t o r e d  a g a i n s t  t h e  s h i p  n t o n b e r ,  b u t  t h e  
t i m e  d e p e n d e n t  v a r i a b l e s  s u c h  a s  p o s i t i o n  i n  t h e  a r e a  a n d  a  m e a s u r e  o f  
s p e e d  m u s t  b e  c a r r i e d  a s  a  v e c t o r  w i t h  t h e  t i m e  a n d  s h i p  n u m b e r  t o  w h ic h  
t h e y  r e l a t e .  F r o m  f u r t h e r  w o r k  w h ic h  h a s  n o w  b e e n  u n d e r t a k e n ,  i t  h a s  
b e e n  f o u n d  v e r y  s i m p l e  t o  a d a p t  t h e  p r o g r a m s  t o  c a l c u l a t e  o t h e r  q u a n t i t i e s  
o f  i n t e r e s t  f r o m  t h e  b a s i c  d a t a  i n p u t s .  I t  s h o u l d  a l s o  b e  r e a s o n a b l y  
s t r a i g h t f o r w a r d  t o  a d a p t  d a t a  f r o m  o t h e r  s u r v e y s  t o  b e  r u n  w i t h  t h e s e  
p r o g r a m s ,
I t  i s  t h u s  f e l t  t h a t  t h e  w o r k  o n  d a t a  c o l l e c t i o n  a n d  p r o c e s s i n g  h a s  
p r o d u c e d  r e s u l t s  w h i c h  w i l l  b e  o f  u s e  t o  o t h e r  p r o j e c t s ,  n o t  o n l y  a n y  
e x t e n s i o n s  o f  t h i s  o n e .
F U T U R E  W O R K  ON S H I P  D O M A IN S
F r o m  t h e  e a r l i e r  d i s c u s s i o n s ,  i t  i s  c l e a r  t h a t  t h e  f i r s t  n e e d  i s  f o r
m o r e  d a t a  t o  b e  c o l l e c t e d  a n d  a n a l y s e d .  F o r  a  p a r t i c u l a r  a r e a  i t  i s
n e c e s s a r y  t o  e s t a b l i s h  t h e  p r e c i s e  r e l a t i o n s h i p  b e t w e e n  d o m a in  s i z e  a n d
d e n s i t y ,  b e t w e e n  d o m a in  s i z e  a n d  r e l a t i v e  v e l o c i t y ,  b e t w e e n  d o m a in  s i z e
a n d  s h i p  s i z e  a n d  i n  g e n e r a l  b e t w e e n  d o m a in  s i z e  a n d  a n y  o t h e r  v a r i a b l e s
o f  i n t e r e s t .  I t  w o u ld  a l s o  b e  u s e f u l  t o  e x a m in e  t h e  i n t e r a c t i o n s
• •
b e t w e e n  t h e  v a r i a b l e s ,  f o r  i n s t a n c e  t h e  r e l a t i o n s h i p  b e t w e e n  d o m a in  s i z e
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a n d  a  c o m b i n a t i o n  o f  s h i p  s i z e ,  d e n s i t y  a n d  r e l a t i v e  v e l o c i t y .
D i f f e r e n t  a r e a s  s h o u l d  b e  s t u d i e d  s i n c e  t h e r e  i s  o b v i o u s l y  a  
r e l a t i o n s h i p  b e t w e e n  d o m a in  s i z e  a n d  s h a p e  a n d  a r e a .  I t  w o u ld  a l s o  
b e  u s e f u l  t o  s t u d y  m o r e  v a r i a b l e s  t h a n  h a v e  b e e n  l o o k e d  a t  h e r e .
D i f f e r e n t  p e r s o n a l i t y  f a c t o r s  o f  t h e  n a v i g a t o r  c o u ld  b e s t  b e  s t u d i e d  
u s i n g  t h e  s i m u l a t o r  a n d  m o r e  w o r k  s h o u l d  b e  d o n e  o n  t h e  n a v i g a t o r ’ s  
l e n g t h  o f  s e a - e x p e r i e n c e .  W e a t h e r  c o n d i t i o n s  i s  a n o t h e r  f a c t o r  w h ic h  i t  
w o u ld  b e  u s e f u l  t o  e x a m in e  a n d  t h e  u s e  o f  a  v i s u a l  m a r i n e  s i m u l a t o r  m i g h t  
b e  o f  h e l p  h e r e .
f T h e r e  i s  a l s o  m o r e  w o r k  t o  b e  d o n e  o n  t h e  m e t h o d s  o f  a n a l y s i n g  t h e
! d a t a .  A  f u r t h e r  i n v e s t i g a t i o n  o f  s u i t a b l e  a n a l y t i c a l  m o d e l s  f o r  t h e  
d i s t r i b u t i o n  o f  s h i p s  a r o u n d  t h e  c e n t r a l  s h i p  w o u ld  b e  v a l u a b l e .  T h i s  
w o u ld  m a k e  t h e  c a l c u l a t i o n  o f  t h e  d o m a n g e s  a n d  t h e i r  s t a n d a r d  e r r o r s  
m u c h  e a s i e r  i f  a n  a n a l y t i c a l  m o d e l  c o u ld  b e  d e v e lo p e d .  I n  a n y  c a s e  aI
f u r t h e r  i n v e s t i g a t i o n  o f  t h e  s a m p l i n g  d i s t r i b u t i o n s  o f  t h e  d o m a n g e s  i s  
' n e e d e d .
F o r  d i f f e r e n t  s i t u a t i o n s  i t  m a y  a l s o  b e  a d v i s a b l e  t o  s u b d i v i d e  t h e  
d o m a in  i n t o  a l t e r n a t i v e  s e c t o r s .  I n  a  c h a n n e l ,  t h e  b e s t  d i v i s i o n  f o r  
i n s t a n c e  m i g h t  b e  a  f o u r - w a y  o n e ,  o n e  s e c t o r  a h e a d ,  o n e  a s t e r n ,  o n e  p o r t  
b e a m  a n d  o n e  s t a r b o a r d  b e a m .  A n o t h e r  u s e f u l  a d a p t a t i o n  w o u l d  b e  t o  
c o n s i d e r  r o u t e i n g  s y s t e m s  a n d  t h e  e f f e c t s  o f  c r o s s i n g  t r a f f i c .  T h e  
f o u r  t y p e s  o f  t r a f f i c  w h i c h  m i g h t  b e  e n c o u n t e r e d  v i z i r  s h i p s  t r a v e l l i n g  
i n  t h e  r i g h t  d i r e c t i o n ,  r o g u e s  t r a v e l l i n g  i n  t h e  w r o n g  d i r e c t i o n ,  a n d  
c r o s s i n g  t r a f f i c  i n  e a c h  d i r e c t i o n ,  s h o u l d  p e r h a p s  b e  a n a l y s e d  s e p a r a t e l y  
a n d  t h e  s e c t o r s  a g a in  d e f i n e d  d i f f e r e n t l y .
F i n a l l y  a s  s u g g e s t e d  a t  t h e  s t a r t  o f  t h e  c h a p t e r ,  t h e  o t h e r  m a in  
e x t e n s i o n  o f  t h e  p r o j e c t  i s  i n t o  p r a c t i c a l  a p p l i c a t i o n s .  A  f e w  s p e c i f i c  
s u g g e s t i o n s  h a v e  b e e n  d i s c u s s e d  i n  a  l i t t l e  d e t a i l  t o  s h o w  h o w  t h e  i d e a s  
c o u ld  b e  im p le m e n t e d  i n  p r a c t i c e .  I t  i s  h o w e v e r  f e l t  t h a t  v e r y  m a n y  
s t u d i e s  i n t o  t h e  b e h a v i o u r  o f  m a r i n e  t r a f f i c  c o u ld  p r o f i t a b l y  m a k e  u s e  
o f  t h e  b a s i c  i d e a s  p u t  f o r w a r d  i n  t h i s  t h e s i s .
S U M M A R Y
A l t h o u g h  s u b d i v i d e d  i n t o  s e c t i o n s ,  t h e  a p p l i c a t i o n s  o f  s h i p  d o m a in s ,  
a n  a p p r a i s a l  o f  t h e  w o r k  d o n e  i n  t h e  p r o j e c t  s o  f a r  a n d  t h e  f u t u r e  
e x t e n s i o n s  o f  t h e  p r o j e c t ,  t h e  c h a p t e r  i s  s e e n  i n  i t s  e n t i r e t y  a s  a n  
e v a l u a t i o n  o f  t h e  t o p i c  o f  s h i p  d o m a in s .  M u c h  h a s  b e e n  l e a r n t  a b o u t
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A P P E N D I X  I  A d d i t i o n a l  T a b l e s  A c c o m p a n y in g  C h a p t e r  1
V e s s e l  T y p e T a n k e r s
O r e  a n d  
B u l k  
C a r r i e r s
G e n e r a l  
C a r g o  & 
P a s s e n g e r
F i s h i n g O t h e r s T o t a l
T o t a l  S h i p 1 9 6 9 5 8 6 9 2 3 7 8 2 6 1 0 0 1 1 9 4 9 3 9 8 0 5 0 2 7 6
P o p u l a t i o n 1 9 8 0 7 9 8 0 4 1 1 5 1 6 4 6 7 1 7 9 0 0 2 3 5 5 4 7 0 0 1 6
N u m b e r  a t 1 9 6 9 4 6 3 7 1 4 7 4 5 2 6 9 9 3 2 3 2 7 0 2 0 9 7 3
S e a 1 9 8 0 6 3 0 0 2 7 1 5 4 9 7 8 1 3 9 5 0 2 4 9 4 3 0 4 3 7
P e r c e n t a g e 1 9 6 9 7 9 6 2 20 7 8 7 4 2
U s e 1 9 8 0 7 9 66 3 0 7 8 1 1 4 3
N o t e s  ( s e e  p .  3 2 2 )
TABLE I.l C o m p a r i s o n  o f  t h e  S h i p  P o p u l a t i o n s  f o r  1 9 6 9  a n d  1 9 8 0  
( E s t i m a t e d )
T h e  a b o v e  t a b l e  p r o v i d e s  a  f u r t h e r  c o n q ) a r i s o n  o f  t h e  s h i p  
p o p u l a t i o n s  o f  1 9 6 9  a n d  1 9 8 0  ( e s t i m a t e d ) .  T h e  n u m b e r s  e x p e c t e d  a t  
s e a  a r e  p e r h a p s  m o r e  m e a n i n g f u l  f o r  p l a n n i n g  p u r p o s e s ,  t h a n  t h e  t o t a l  
s h i p  p o p u l a t i o n s ,  q u o t e d  i n  t h e  m a in  t e x t .  H o w e v e r ,  t h e  n u m b e r s  
e x p e c t e d  a t  s e a  a r e  b a s e d  o n  p r o j e c t e d  u t i l i s a t i o n  r a t e s  w h i c h  m e a n s  
t h e  i n t r o d u c t i o n  o f  y e t  a n o t h e r  u n k n o w n  f a c t o r .  D e r i v a t i o n  o f  t h e  
u t i l i s a t i o n  r a t e  i s  g i v e n  b y  T h o m p s o n  ( 1 9 7 2 ) ^ ^ ^  i n  h i s  p a p e r  o n  t h e  
p r o j e c t e d  s h i p  p o p u l a t i o n s  f o r  1 9 8 0 .  I n  p a r t i c u l a r  t h e  h i g h  f i g u r e s  
f o r  t h e  u s e  o f  t a n k e r s  a n d  f i s h i n g  v e s s e l s  a r e  i n t e r e s t i n g  c o m p a re d  t o  
t h e  lo w  f i g u r e s  f o r  g e n e r a l  c a r g o  s h i p s  a n d  p a s s e n g e r  s h i p s .
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N o t e s  ( s e e  p . 3 2 2 ) .
T A B L E  1 . 2 C o n p a r i s o n  o f  t h e  D i s t r i b u t i o n s  o f  t h e  W o r l d ' s  S h i p s  
b y  S i z e  a n d  b y  T y p e  i n  1 9 6 3  a n d  1 9 7 3
■ '■’ fS
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A P P E N D IX  I I .  r
E X T R A C T  F R O M  T H E  H IQ IW A Y  C O D E  ( 1 9 6 8 )
( 1 8 )
L e a v e  e n o u g h  s p a c e  b e t w e e n  y o u  a n d  t h e  v e h i c l e  i n  f r o n t  s o  t h a t  y o u  
c a n  p u l l  u p  s a f e l y  i f  i t  s l o w s  d o w n  o r  s t o p s  s u d d e n l y .  T h e  s a f e  r u l e  
i s  n e v e r  t o  g e t  c l o s e r  t h a n  t h e  o v e r a l l  s t o p p i n g  d i s t a n c e  s h o w n  b e lo w .
B u t  o n  t h e  o p e n  r o a d ,  i n  g o o d  c o n d i t i o n s ,  a  g a p  o f  o n e  y a r d  f o r  e a c h  
m . p . h .  o f  y o u r  s p e e d  m a y  b e  e n o u g h .  O n  w e t  o r  i c y  r o a d s  t h e  g a p  s h o u l d  
b e  m u c h  m o r e .  D r o p  b a c k  i f  a n  o v e r t a k i n g  v e h i c l e  f i l l s  t h e  g a p  i n  f r o n t  
o f  y o u .
S h o r t e s t  S t o p p i n g  D i s t a n c e s  - -  i n  F e e t
m . p . h .
T h i n k i n g
D i s t a n c e
B r a k i n g
D i s t a n c e
O v e r a l l
S t o p p i n g
D i s t a n c e
20 20 20 4 0
3 0 3 0 4 5 7 5
4 0 4 0 120
5 0 5 0 1 2 5 1 7 5
6 0 6 0 1 8 0 2 4 0
7 0 7 0 2 4 5 3 1 5
-  1 9 5  -
A P P E N D IX  I I .  I I
E X T R A C T S  F R O M  T H E  I N T E R N A T I O N A L  R E G U L A T IO N S  F O R  P R E V E N T I N G  C O L L I S IO N S  
A T  S E A ,  1 9 6 0  -  E f f e c t i v e  f r o m  S e p t e m b e r  1 ,  1 9 6 5 .
R u l e  1 6
( a )  E v e r y  v e s s e l ,  o r  s e a p l a n e  w h e n  t a x i - i n g  o n  t h e  w a t e r ,  s h a l l ,  i n  f o g ,  
m i s t ,  f a l l i n g  s n o w ,  h e a v y  r a i n s t o r m s  o r  a n y  o t h e r  c o n d i t i o n  s i m i l a r l y  
r e s t r i c t i n g  v i s i b i l i t y ,  g o  a t  a  m o d e r a t e  s p e e d  h a v i n g  c a r e f u l  r e g a r d  t o  
t h e  e x i s t i n g  c i r c u m s t a n c e s  a n d  c o n d i t i o n s .
( b )  A  p o w e r - d r i v e n  v e s s e l  h e a r i n g ,  a p p a r e n t l y  f o r w a r d  o f  h e r  b e a m , t h e  
f o g - s i g n a l  o f  a  v e s s e l  t h e  p o s i t i o n  o f  w h i c h  i s  n o t  a s c e r t a i n e d ,  s h a l l ,  
s o  f a r  a s  t h e  c i r c u m s t a n c e s  o f  t h e  c a s e  a d m i t ,  s t o p  h e r  e n g i n e s ,  a n d  t h e n  
n a v i g a t e  w i t h  c a u t i o n  u n t i l  d a n g e r  o f  c o l l i s i o n  i s  o v e r .
( c )  A  p o w e r - d r i v e n  v e s s e l  w h i c h  d e t e c t s  t h e  p r e s e n c e  o f  a n o t h e r  v e s s e l  
f o r w a r d  o f  h e r  b e a m  b e f o r e  h e a r i n g  h e r  f o g  s i g n a l  o r  s i g h t i n g  h e r  v i s u a l l y  
m a y  t a k e  e a r l y  a n d  s u b s t a n t i a l  a c t i o n  t o  a v o i d  a  c l o s e  q u a r t e r s  s i t u a t i o n  
b u t ,  i f  t h i s  c a n n o t  b e  a v o id e d ,  s h e  s h a l l ,  s o  f a r  a s  t h e  c i r c u m s t a n c e s  o f  
t h e  c a s e  a d m i t ,  s t o p  h e r  e n g i n e s  i n  p r o p e r  t i m e  t o  a v o i d  c o l l i s i o n  a n d  
t h e n  n a v i g a t e  w i t h  c a u t i o n  u n t i l  d a n g e r  o f  c o l l i s i o n  i s  o v e r .
P A R T  D  -  S T E E R I N G  A N D  S A I L I N G  R U L E S  
P r e l i m i n a r y
1 .  I n  o b e y i n g  a n d  c o n s t r u i n g  t h e s e  R u l e s ,  a n y  a c t i o n  t a k e n  s h o u l d  b e  
p o s i t i v e ,  i n  a m p le  t i m e ,  a n d  w i t h  d u e  r e g a r d  t o  t h e  o b s e r v a n c e  o f  g o o d  
s e a m a n s h i p .
2 .  R i s k  o f  c o l l i s i o n  c a n ,  w h e n  c i r c u m s t a n c e s  p e r m i t ,  b e  a s c e r t a i n e d  b y  
c a r e f u l l y  w a t c h i n g  t h e  c o m p a s s  b e a r i n g  o f  a n  a p p r o a c h in g  v e s s e l .  I f  t h e  
b e a r i n g  d o e s  n o t  a p p r e c i a b l y  c h a n g e ,  s u c h  r i s k  s h o u l d  b e  d e e m e d  t o  e x i s t .
3 .  M a r i n e r s  s h o u l d  b e a r  i n  m in d  t h a t  s e a p l a n e s  i n  t h e  a c t  o f  l a n d i n g  o r  
t a k i n g  o f f ,  o r  o p e r a t i n g  u n d e r  a d v e r s e  w e a t h e r  c o n d i t i o n s ,  m a y  b e  u n a b le  
t o  c h a n g e  t h e i r  i n t e n d e d  a c t i o n  a t  t h e  l a s t  m o m e n t .
A .  R u l e s  1 7  t o  2 4  a p p l y  o n l y  t o  v e s s e l s  i n  s i g h t  o f  o n e  a n o t h e r .
-  1 9 6  -  
R u l e  1 7
( a )  W h e n  t w o  s a i l i n g  v e s s e l s  a r e  a p p r o a c h in g  o n e  a n o t h e r ,  s o  a s  t o  
i n v o l v e  r i s k  o f  c o l l i s i o n ,  o n e  o f  t h e m  s h a l l  k e e p  o u t  o f  t h e  w a y  o f  t h e  
o t h e r  a s  f o l l o w s
( i )  W h e n  e a c h  h a s  t h e  w i n d  o n  a  d i f f e r e n t  s i d e ,  t h e  v e s s e l  w h ic h  
h a s  t h e  w i n d  o n  t h e  p o r t  s i d e  s h a l l  k e e p  o u t  o f  t h e  w a y  o f  t h e  
o t h e r .
( i i )  W h e n  b o t h  h a v e  t h e  w i n d  o n  t h e  s a m e  s i d e ,  t h e  v e s s e l  w h i c h  i s  t o  
w in d w a r d  s h a l l  k e e p  o u t  o f  t h e  w a y  o f  t h e  v e s s e l  w h ic h  i s  t o  
le e w a r d .
( b )  F o r  t h e  p u r p o s e s  o f  t h i s  R u l e  t h e  w in d w a r d  s i d e  s h a l l  b e  d e e m e d  t o  b e  
t h e  s i d e  o p p o s i t e  t o  t h a t  o n  w h i c h  t h e  m a i n s a i l  i s  c a r r i e d ,  o r ,  i n  t h e  c a s e  
o f  a  s q u a r e - r i g g e d  v e s s e l ,  t h e  s i d e  o p p o s i t e  t o  t h a t  o n  w h i c h  t h e  l a r g e s t  
f o r e - a n d - a f t  s a i l  i s  c a r r i e d .
R u l e  1 8
( a )  W h e n  t w o  p o w e r - d r i v e n  v e s s e l s  a r e  m e e t i n g  e n d  o n ,  o r  n e a r l y  e n d  o n ,  
s o  a s  t o  i n v o l v e  r i s k  o f  c o l l i s i o n ,  e a c h  s h a l l  a l t e r  h e r  c o u r s e  t o  s t a r ­
b o a r d ,  s o  t h a t  e a c h  m a y  p a s s  o n  t h e  p o r t  s i d e  o f  t h e  o t h e r .  T h i s  R u l e  
o n l y  a p p l i e s  t o  c a s e s  w h e r e  v e s s e l s  a r e  m e e t i n g  e n d  o n ,  o r  n e a r l y  e n d  o n ,  
i n  s u c h  a  m a n n e r  a s  t o  i n v o l v e  r i s k  o f  c o l l i s i o n ,  a n d  d o e s  n o t  a p p l y  t o  
t w o  v e s s e l s  w h i c h  m u s t ,  i f  b o t h  k e e p  o n  t h e i r  r e s p e c t i v e  c o u r s e ,  p a s s  c l e a r  
o f  e a c h  o t h e r .  T h e  o n l y  c a s e s  t o  w h ic h  i t  d o e s  a p p l y ,  a r e  w h e n  e a c h  o f  
t w o  v e s s e l s  i s  e n d  o n ,  o r  n e a r l y  e n d  o n ,  t o  t h e  o t h e r ;  i n  o t h e r  w o r d s ,  t o  
c a s e s  i n  w h i c h ,  b y  d a y ,  e a c h  v e s s e l  s e e s  t h e  m a s t s  o f  t h e  o t h e r  i n  a  l i n e ,  
o r  n e a r l y  i n  a  l i n e ,  w i t h  h e r  o w n ;  a n d  b y  n i g h t ,  t o  c a s e s  i n  w h ic h  e a c h  
v e s s e l  i s  i n  s u c h  a  p o s i t i o n  a s  t o  s e e  b o t h  t h e  s i d e l i g h t s  o f  t h e  o t h e r .
I t  d o e s  n o t  a p p l y ,  b y  d a y ,  t o  c a s e s  i n  w h ic h  a  v e s s e l  s e e s  a n o t h e r  a h e a d  
c r o s s i n g  h e r  o w n  c o u r s e ;  o r ,  b y  n i g h t ,  t o  c a s e s  w h e r e  t h e  r e d  l i g h t  o f  o n e  
v e s s e l  i s  o p p o s e d  t o  t h e  r e d  l i g h t  o f  t h e  o t h e r  o r  w h e r e  t h e  g r e e n  l i g h t  
o f  o n e  v e s s e l  i s  o p p o s e d  t o  t h e  g r e e n  l i g h t  o f  t h e  o t h e r  o r  w h e r e  a  r e d  
l i g h t  w i t h o u t  a  g r e e n  l i g h t  o r  a  g r e e n  l i g h t  w i t h o u t  a  r e d  l i g h t  i s  s e e n ,  
a h e a d ,  o r  w h e r e  b o t h  g r e e n  a n d  r e d  l i g h t s  a r e  s e e n  a n y w h e r e  b u t  a h e a d .
( b )  F o r  t h e  p u r p o s e s  o f  t h i s  R u l e  a n d  R u l e s  1 9  t o  2 9  i n c l u s i v e ,  e x c e p t  
R u l e  2 0 ( c )  a n d  R u l e  2 8 ,  a  s e a p l a n e  o n  t h e  w a t e r  s h a l l  b e  d e e m e d  t o  b e  a  
v e s s e l ,  a n d  t h e  e x p r e s s i o n  " p o w e r - d r i v e n  v e s s e l "  s h a l l  b e  c o n s t r u e d  
a c c o r d i n g l y .
-  1 9 7  -
R u l e  1 9
When two power-driven vessels are crossing, so as to involve risk of 
collision, the vessel which has the other on her own starboard side shall 
keep out of the way of the other.
R u l e  2 0
( a )  \7h e n  a  p o w e r - d r i v e n  v e s s e l  a n d  a  s a i l i n g  v e s s e l  a r e  p r o c e e d in g  i n  
s u c h  d i r e c t i o n s  a s  t o  i n v o l v e  r i s k  o f  c o l l i s i o n ,  e x c e p t  a s  p r o v i d e d  f o r  
i n  R u l e s  2 A  a n d  2 6 ,  t h e  p o w e r - d r i v e n  v e s s e l  s h a l l  k e e p  o u t  o f  t h e  w a y  o f  
t h e  s a i l i n g  v e s s e l .
( b )  T h i s  R u l e  s h a l l  n o t  g i v e  t o  a  s a i l i n g  v e s s e l  t h e  r i g h t  t o  h a m p e r ,  i n  
a  n a r r o w  c h a n n e l ,  t h e  s a f e  p a s s a g e  o f  a  p o w e r - d r i v e n  v e s s e l  w h i c h  c a n  
n a v i g a t e  o n l y  i n s i d e  s u c h  c h a n n e l .
( c )  A  s e a p l a n e  o n  t h e  w a t e r  s h a l l ,  i n  g e n e r a l ,  k e e p  w e l l  c l e a r  o f  a l l  
v e s s e l s  a n d  a v o id  im p e d in g  t h e i r  n a v i g a t i o n .  I n  c i r c u m s t a n c e s ,  h o w e v e r ,  
w h e r e  r i s k  o f  c o l l i s i o n  e x i s t s ,  s h e  s h a l l  c o m p ly  w i t h  t h e s e  R u l e s .
R u l e  2 1
W h e r e  b y  a n y  o f  t h e s e  R u l e s  o n e  o f  t w o  v e s s e l s  i s  t o  k e e p  o u t  o f  t h e  w a y ,  
t h e  o t h e r  s h a l l  k e e p  h e r  c o u r s e  a n d  s p e e d .  W h e n ,  f r o m  a n y  c a u s e ,  t h e  
l a t t e r  v e s s e l  f i n d s  h e r s e l f  s o  c l o s e  t h a t  c o l l i s i o n  c a n n o t  b e  a v o id e d  b y  
t h e  a c t i o n  o f  t h e  g i v i n g - w a y  v e s s e l  a l o n e ,  s h e  a l s o  s h a l l  t a k e  s u c h  a c t i o n  
a s  w i l l  b e s t  a v e r t  c o l l i s i o n  ( s e e  R u l e s  2 7  a n d  2 9 ) .
R u l e  2 2
E v e r y  v e s s e l  w h i c h  i s  d i r e c t e d  b y  t h e s e  R u l e s  t o  k e e p  o u t  o f  t h e  w a y  o f  
a n o t h e r  v e s s e l  s h a l l ,  s o  f a r  a s  p o s s i b l e ,  t a k e  p o s i t i v e  e a r l y  a c t i o n  t o  
c o m p ly  w i t h  t h i s  o b l i g a t i o n ,  a n d  s h a l l ,  i f  t h e  c i r c u m s t a n c e s  o f  t h e  c a s e  
a d m i t ,  a v o id  c r o s s i n g  a h e a d  o f  t h e  o t h e r .
R u l e  2 3
E v e r y  p o w e r - d r i v e n  v e s s e l  w h ic h  i s  d i r e c t e d  b y  t h e s e  R u l e s  t o  k e e p  o u t  o f  
t h e  w a y  o f  a n o t h e r  v e s s e l  s h a l l ,  o n  a p p r o a c h in g  h e r ,  i f  n e c e s s a r y ,  s l a c k e n
h e r  s p e e d  o r  s t o p  o r  r e v e r s e .
-  1 9 8  -
R u l e  2 7
I n  o b e y i n g  a n d  c o n s t r u i n g  t h e s e  R u l e s  d u e  r e g a r d  s h a l l  b e  h a d  t o  a l l  
d a n g e r s  o f  n a v i g a t i o n  a n d  c o l l i s i o n ,  a n d  t o  a n y  s p e c i a l  c i r c u m s t a n c e s ,  
i n c l u d i n g  t h e  l i m i t a t i o n s  o f  t h e  c r a f t  i n v o l v e d ,  w h i c h  m a y  r e n d e r  a  
d e p a r t u r e  f r o m  t h e  a b o v e  R u l e s  n e c e s s a r y  i n  o r d e r  t o  a v o i d  im m e d ia t e  
d a n g e r .
-  1 9 9  -
A P P E N D IX  I I I .  I
M A R IN E  R A D A R  S I M U L A T O R  
S E R I E S  S Y 2 0 1 0
1 .  IN T R O D U C T IO N  A N D  B R I E F  D A T A
1 , 1  I n t r o d u c t i o n
T h e  S o l a r t r o n  t r a n s i s t o r i s e d  r a d a r  s i m u l a t o r  s e r i e s  S Y 2 0 1 0  i s  
d e s i g n e d  t o  p r o v i d e  a  s y n t h e t i c ,  b u t  h i g h l y  r e a l i s t i c ,  m e a n s  o f  t r a i n i n g  
p u p i l s  i n  t h e  i n t e r p r e t a t i o n  o f  d a t a  p r e s e n t e d  t o  t h e m  o n  t h e  d i s p l a y  
u n i t s  o f  a  t y p i c a l  m a r i n e  r a d a r .
1 . 1 . 1  T h e  E q u ip m e n t
I n  o r d e r  t h a t  t h e  S Y 2 0 1 0  r a n g e  o f  s i m u l a t o r s  i s  a b le  t o  m e e t  
d i f f e r e n t  m a r i n e  r a d a r  t r a i n i n g  r e q u i r e m e n t s ,  t h e  e q u ip m e n t  h a s  b e e n  
c o n s t r u c t e d  t o  g i v e  a  s e l e c t i o n  o f  m o d u le s  w h i c h  t o g e t h e r  p r o v i d e  a  
v a r i e t y  o f  s i m u l a t o r  f u n c t i o n s .
T h e  b a s i c  e q u ip m e n t  o f f e r s  a  m a x im u m  o f  t e n  t a r g e t s  f o r  a  s i n g l e  
o w n  s h i p  s y s t e m ,  a n d  u p  t o  f o u r  o r  f i v e  t a r g e t s  f o r  t h e  t w o  a n d  t h r e e  
o w n  s h i p  s y s t e m s .  T h e  o w n  s h i p  m o v in g  b a s e  i s  f u l l y  m a n o e u v r a b le  a n d  
c a n  b e  m a d e  t o  r e p r e s e n t  a  l a r g e  r a n g e  o f  v e s s e l s ,  b y  v i r t u e  o f  a  n u m b e r  
o f  p r e s e t  a d j u s t m e n t s  w h i c h  d e t e r m i n e  t h e  c h a r a c t e r i s t i c  d e l a y s  b e t w e e n  
d e m a n d  a n d  a c h ie v e m e n t  i n  c h a n g e s  o f  c o u r s e  a n d  s p e e d .  T h e s e  d e l a y s  
v a r y  c o n s i d e r a b l y  f r o m  s h i p  t o  s h i p  d e p e n d in g  o n  s u c h  f a c t o r s  a s  w a t e r ­
l i n e  l e n g t h ,  b e a m , n u m b e r  a n d  t y p e  o f  e n g i n e s  a n d  s o  o n .  T h e s e  d e l a y s
a r e  s w i t c h e d  o u t  w h e n  t h e  o\m  s h i p  i s  c a p a b le  o f  p e r f o r m i n g  a s  a  h o v e r c r a f t ,
R e a l i s m  o f  t h e  r e s p o n s e s  d i s p l a y e d  i s  e n h a n c e d  b y  t h e  i n c l u s i o n  o f  
s i m u l a t e d  r e c e i v e r  n o i s e ,  s e a  c l u t t e r ,  m a s t / f u n n e l  b l a n k i n g  ( s h a d o w  
s e c t o r ) .  I n  a d d i t i o n ,  c o a s t l i n e  r e s p o n s e s  a r e  d i s p l a y e d  t o  r e p r e s e n t  
s e l e c t e d  l o c a t i o n s  w i t h  s i m u l a t e d  a u t o m a t i c  c o a s t l i n e  s h a d o w in g .  T i d a l  
s t r e a m  s p e e d  a n d  d i r e c t i o n  c a n  b e  s e t  i n  a s  r e q u i r e d ,  a n d ,  w h e r e  t h e  o w n
s h i p  d o u b l e s  a s  a  h o v e r c r a f t ,  w i n d  s p e e d  a n d  d i r e c t i o n  c a n  b e  s e t  i n  t o
a f f e c t  t h e  h o v e r c r a f t  m o v e m e n t
T h e  t r a n s i s t o r i s e d  s i m u l a t o r  p o s s e s s e s  a  h i g h  d e g r e e  o f  i n h e r e n t  
r e l i a b i l i t y  a n d  i s  d e s i g n e d  t o  m a i n t a i n  s t a t e d  a c c u r a c i e s  o v e r  l o n g  
p e r i o d s  w i t h  l i t t l e  o r  n o  a d j u s t m e n t .  F a u l t  f i n d i n g  a n d  m a in t e n a n c e  i s  
g r e a t l y  s i m p l i f i e d  b y  t h e  m o d u la r  c o n s t r u c t i o n ,  p e r m i t t i n g  s u b s t i t u t i o n
c h e c k i n g  a n d  s u b - u n i t  r e p l a c e m e n t .
-  200 -
1 . 1 . 1 . 1  S u m m a r y  o f  U n i t s
E a c h  s i m u l a t o r  i n  t h e  s e r i e s  c o m p r i s e s  t h e  f o l l o w i n g  m a in  i m i t s :
( a )  O n e  d o u b l e - b a y  o r  t r e b l e - b a y  r a c k  a s s e m b l y  h o u s i n g  t h e  c o m p u t in g  
a n d  c o a s t l i n e  g e n e r a t i n g  e q u ip m e n t  ( i n c l u d i n g  p o w e r  u n i t s ) .
( b )  O n e ,  t w o  o r  t h r e e  o w n  s h i p  c o n t r o l  u n i t s ,
( c )  O n e / t w o  t a r g e t  c o n t r o l  u n i t s .
( d )  O n e  i n s t r u c t o r ’ s  c o n t r o l  u n i t  ( n o r m a l l y  w i t h  t h r e e  o w n  s h i p  s y s t e m s  
o n l y ) .
( e )  O n e  j u n c t i o n  b o x  ( t w o  a n d  t h r e e  o w n  s h i p  c o n f i g u r a t i o n s ) .
1 . 1 . 2  A r r a n g e m e n t  o f  M a n u a l
T h e  m a n u a l  i s  d i v i d e d  i n t o  t w o  p a r t s ,  P a r t  1  c o m p r i s i n g  t h e  s y s t e m  
d e s c r i p t i o n ,  o p e r a t i n g  i n s t r u c t i o n s  a n d  s y s t e m  m a in t e n a n c e  a n d  P a r t  2  
t h e  u n i t  a n d  s u b - u n i t  d e s c r i p t i o n s ,  s c h e d u l e s  a n d  i n t e r c o n n e c t i o n  d a t a .
1 . 1 . 2 . 1  P a r t  1
S e c t i o n  1  s u m m a r i s e s  t h e  f a c i l i t i e s  a n d  l i s t s  t h e  u n i t s  m a k in g  u p  
t h e  s p e c i f i c  e q u ip m e n t .  S e c t i o n  2  p r o v i d e s  o p e r a t i n g  i n s t r u c t i o n s  
w h i l e  S e c t i o n  3  g i v e s  s o m e  t r e a t m e n t  o f  t h e  c i r c u i t s  e m p lo y e d  i n  t h i s  
t y p e  o f  e q u ip m e n t .
A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  s y s t e m  i s  c o n t a i n e d  i n  S e c t i o n  4 ,  
a n d  S e c t i o n  5  p r o v i d e s  m a in t e n a n c e  i n s t r u c t i o n s .  S e c t i o n  6 c o n t a i n s  t h e  
s y s t e m  s e t t i n g - u p  p r o c e d u r e .
1 . 1 . 2 . 2 .  P a r t  2
2 o f  t h e  m a n u a l  c o m p r i s e s  t h e  r e l e v a n t  c i r c u i t  d i a g r a m s ,  
c o m p o n e n t  l i s t s ,  c o m p o n e n t  l o c a t i o n  d a t a  ( w h e r e  a v a i l a b l e )  a n d  c i r c u i t  
d e s c r i p t i o n  f o r  t h e  i n d i v i d u a l  s u b - u n i t s  i n  n u m e r i c a l  o r d e r .
1 . 2  D a t a  S u m m a r y
1 . 2 . 1  P u r p o s e
T h e  p u r p o s e  o f  e a c h  r a d a r  s i m u l a t o r  i s  t o  p r o v i d e  a r t i f i c i a l  e c h o e s  
o n  P P I  d i s p l a y s ,  r e p r e s e n t i n g  t h e  t a r g e t  v e s s e l s ,  t h e  o t h e r  o w n  s h i p / s  
( a s  a p p l i c a b l e )  a n d  a  c o a s t l i n e ,  a s  o b s e r v e d  f r o m  o n e / t w o / t h r e e  m o v in g
r a d a r - c a r r y i n g  v e s s e l s .
-  201 -
1 , 2 . 2  E n v i r o n m e n t
P l a y i n g  A r e a
C o a s t l i n e
:  a  s q u a r e  o f  s i d e  6 0  n a u t i c a l  m i l e s .  T w o  c o n t r o l s  
e n a b le  t h e  i n i t i a l  p o s i t i o n  o f  e a c h  t a r g e t  a n d  
o w n  s h i p  t o  b e  s e t  i n  t e r m s  o f  N o r t h i n g s  a n d  
E a s t i n g s  u p  t o  3 0  n m  f r o m  t h e  c e n t r e  o f  t h e  
p l a y i n g  a r e a .
:  T h e  p l a y i n g  a r e a  i s  e x t e n d e d  b y  1 5  n m  i n  e a c h  
d i r e c t i o n  t o  a l l o w  t h e  f u l l  r a n g e  o f  c o a s t l i n e  
t o  b e  s e e n  f r o m  t h e  e d g e  o f  t h e  p l a y i n g  a r e a ,  
t h u s  m a k in g  a  t o t a l  v i e w i n g  a r e a  o f  9 0  x  9 0  n m .
1 . 2 . 3  S i m u l a t e d  R a d a r  H e a d  C h a r a c t e r i s t i c s
A e r i a l  R o t a t i o n
H o r i z o n t a l  A n g u l a r  
B e a m w id t h
:  2 0  R P M  f i x e d .
:  a n  e f f e c t i v e  a n g l e  o f  1 ° ,  i n c r e a s i n g  b y  a  
f a c t o r  o f  3 : 1  a s  r a n g e  d e c r e a s e s  b e t w e e n  3 0 %  
a n d  3 %  o f  m a x im u m  r a d a r  r a n g e  ( i . e .  a c c o u n t in g  
f o r  t h e  r e t u r n s  d u e  t o  s i d e - l o b e s ) .
1 , 2 , 4  R a d a r  C h a r a c t e r i s t i c s
P u l s e  L e n g t h  
P R F
S e a  C l u t t e r  
N o i s e
:  0 . 2 p S .
;  8 0 0 / 1 , 0 0 0  R P S .
;  m a x im u m  r a n g e  5  m i l e s ,  d e c a y in g  a t  t h e  r a t e  
o f  a p p r o x i m a t e l y  l O d B / 1 , 0 0 0  y a r d s .
:  v a r i a b l e  i n t e n s i t y  r e c e i v e r  n o i s e .
1 . 2 . 5  T a r g e t  R e s p o n s e  C h a r a c t e r i s t i c s
S p e e d
C o u r s e
:  v a r i a b l e  f r o m  0  t o  3 0  k n o t s  ±  2 %  o f  m a x im u m .  
:  0 - 3 6 0 °  ±  2 °  a t  m a x im u m  s p e e d .
±  4 °  a t  10 % o f  m a x im u m  s p e e d .
R a n g e  o f  1 s t  d e t e c t i o n  :  c o n t i n u o u s l y  v a r i a b l e  f r o m  2 0 %  t o  1 0 0 %
1 . 2 . 6  O w n S h i p  C o n t r o l s  
C o u r s e t h e  c o u r s e  o f  t h e  o w n  s h i p  i s  v a r i e d  b y  t h e  
H E L M  c o n t r o l  ( c a l i b r a t e d  3 0 °  P O R T  -  0  -  3 0 °  
S T A R B O A R D  w i t h  a  p o s i t i v e  i n d i c a t i o n  o f  t h e  
" m i d s h i p s "  p o s i t i o n ) ,  w i t h i n  t h e  c h a r a c t e r i s t i c  
l i m i t a t i o n s  s e t - i n  o n  t h e  p r e s e t  c o n t r o l s  
d e t a i l e d  b e lo w .
-  202 -
S p e e d  T e l e g r a p h :  S T O P ,  D E A D  S L O W ,  S L O W ,  H A L F  a n d  F U L L  b o t h  
a h e a d  a n d  a s t e r n .  A c t u a l  s p e e d  i s  i n d i c a t e d  
o n  a  c a l i b r a t e d  m e t e r .
1 . 2 . 6 . 1 .  O w n  S h i p  C h a r a c t e r i s t i c  P r e s e t  C o n t r o l s
( a )  M a x im u m  A h e a d  S p e e d
( b )  M a x im u m  A s t e r n  S p e e d
( c )  A h e a d  S p e e d  
A d j u s t m e n t s
( d )  R u d d e r  D e l a y
( e )  S p e e d  D e l a y
( f )  M a x im u m  R a t e  o f  T u r n
( g )  L o s s  o f  S p e e d  i n  T u r n
( h )  S h a d o w  S e c t o r  O N / C F F
( j )  S p e e d  D e l a y  O v e r r i d e
( k )  S e t  H e a d in g
( l )  S p e e d  M e t e r  O N / O F F
(m )  V id e o  O N / O F F
S  =  ( V  -  v ) ( l  -  +  V
:  c o n t i n u o u s l y  v a r i a b l e  f r o m  0  t o  3 0  k n o t s .
:  c o n t i n u o u s l y  v a r i a b l e  f r o m  0  t o  1 5  k n o t s .
;  H A L F  s p e e d  p r e s e t  e n a b l e s  v a r i a t i o n  o f
0 . 6 5 - 0 . 7 5  o f  m a x im u m  s e t  i n  ( a ) .
S L O W  p r e s e t  e n a b l e s  v a r i a t i o n  o f  0 , 4 5 - 0 , 5 5  
o f  m a x im u m .
D E A D  S L O W  p r e s e t  e n a b l e s  v a r i a t i o n  o f  0 , 2 5 -
0 . 3 5  o f  m a x im u m ,
:  c o n t i n u o u s l y  v a r i a b l e  f r o m  5  t o  3 0  s e c o n d s  
a f t e r  c h a n g e  i s  d e m a n d e d .
:  t h e  c i r c u i t r y  e n s u r e s  t h a t  c h a n g e s  o f  s p e e d  
c o n f o r m  t o  t h e  f o l l o w i n g  l a w s :
A c c e l e r a t i o n ;
D e c e l e r a t i o n :  S  =  ( V  -  v )  +  v
w h e r e  S  =  s p e e d  t  m i n u t e s  a f t e r  c h a n g e  h a s  
b e e n  m a d e
V  =  h i g h e r  s p e e d
V = lower speed
k  =  a  c o n s t a n t  d e p e n d in g  u p o n  t y p e  o f  s h i p ,  
P r o v i s i o n  i s  m a d e  f o r  c o n t i n u o u s  v a r i a t i o n  o f  
" k "  b e t w e e n  v a l u e s  o f  2 a n d  20 b y  m e a n s  o f  
t h e  p r e s e t  c o n t r o l .
:  c o n t i n u o u s l y  v a r i a b l e  5 0  t o  1 2 0 °  p e r  m i n u t e ,
:  s w i t c h e d  i n  p r o p o r t i o n s  o f  0 ,  1 0 % ,  2 0 %  o r  3 0 %  
o f  a c t u a l  s p e e d  a t  c o m m e n c e m e n t  o f  t u t u ,
:  s w i t c h e s  i n  a  b l i n d  s e c t o r  r e p r e s e n t i n g  t h a t  
c r e a t e d  b y  t h e  f u n n e l  o r  s u p e r s t r u c t u r e .
:  e n a b l e s  o w n  s h i p  s p e e d  t o  b e  s e t  q u i c k l y  a t  
t h e  c o m m e n c e m e n t  o f  a n  e x e r c i s e .
;  e n a b l e s  o w n  s h i p  h e a d in g  t o  b e  s e t  q u i c k l y  
a t  t h e  c o m m e n c e m e n t  o f  a n  e x e r c i s e ,
:  s w i t c h e s  s p e e d  m e t e r  o u t  o f  c i r c u i t  i f  n o t  
r e q u i r e d  f o r  s t u d e n t ' s  u s e .
:  s w i t c h e s  o f f  o w n  s h i p  r e s p o n s e ,  i f  n e c e s s a r y .
( n )  R a n g e  o f  D e t e c t i o n
-  2 0 3  -
d e t e r m i n e s  r a n g e  o f  f i r s t  d e t e c t i o n  b y  
o t h e r  o v m  s h i p / s  ( i f  s i m u l a t e d ) .
1 . 2 . 7  T h r e e  O w n S h i p  S i m u l a t o r
1 . 2 . 7 , 1  T a r g e t  a n d  O vm  S h i p  S p e e d s
I n  t h e  t h r e e  o w n  s h i p  s y s t e m  t h e  f o l l o w i n g  s p e e d s  a r e  p r o v i d e d  a s  
s t a n d a r d :
O w n  S h i p  :  T w o  s c a l e s  a r e  p r o v i d e d ,  0 - 3 0  k n o t s  a n d  0 . 9 0  k n o t s
t o  s i m u l a t e  h o v e r c r a f t / h y d r o f o i l  s p e e d s .
T a r g e t s  ;  0 - 1 0 0  k n o t s .
1 , 2 . 7 . 2 ,  C o a s t l i n e  G e n e r a t o r
A  t i m e - s h a r i n g  a r r a n g e m e n t  e n a b l e s  t h e  c o a s t l i n e  r e s p o n s e s  t o  b e  
s e e n  b y  a l l  t h r e e  o w n  s h i p s .  T h e  r e s p o n s e s  a r e  p r o d u c e d  f r o m  a  s i n g l e  
t r a n s p a r e n c y  a n d  t h e  f i g u r e s  q u o t e d  p r e v i o u s l y  a r e  m o d i f i e d  a s  f o l l o w s :
( a )  M a x i “. '  r a n g e  o f  r e s p o n s e s :  1 2  n m ,
( b )  M in im u m  r a n g e  o f  r e s p o n s e s :   ^ n m ,
( c )  P o s i t i o n a l  t o l e r a n c e  o f  c o a s t l i n e  f e a t u r e :  2 %  o f  a r e a  s i d e .
1 . 2 . 8  A c c u r a c i e s
1 . 2 . 8 . 1  M e t h o d  o f  C o m p u t in g
B r i e f l y ,  t h e  m e t h o d  o f  c o m p u t in g  a n d  c o n v e r t i n g  p o s i t i o n a l  d a t a  i s  
a s  f o l l o w s :
( a )  A l l  o x v n  s h i p s  a n d  t a r g e t s  a r e  g i v e n  a n  i n i t i a l  p o s i t i o n  i n  t e r m s  
o f  c a r t e s i a n  c o - o r d i n a t e s ,  t h e  r e s u l t s  o f  s u b s e q u e n t  m o v e m e n t s  
a l s o  b e i n g  r e s o l v e d  a n d  i n t e g r a t e d  i n t o  t h e s e  t e r m s .
( b )  P o s i t i o n s  o f  a l l  s h i p s  a n d  t a r g e t s  r e l a t i v e  t o  e a c h  o w n  s h i p  a r e  
e s t a b l i s h e d  a s  r e c t a n g u l a r  d i s p l a c e m e n t s ,
( c )  P o s i t i o n a l  i n f o r m a t i o n  i s  t h e n  r e s o l v e d  i n  t e r m s  o f  r a n g e  a n d  
b e a r i n g ,
1 . 2 . 8 . 2  C a r t e s i a n  C o - o r d i n a t e  P o s i t i o n s
T h e  c o m p u t a t io n  o f  t h e  p r e s e n t  p o s i t i o n  o f  e a c h  o w n  s h i p  a n d  e a c h  
t a r g e t  i n  r e l a t i o n  t o  t h e  i n t e g r a t e d  e f f e c t s  o f  c o u r s e  a n d  s p e e d  i s  
r e f e r r e d  t o  t h e  c e n t r e  o f  t h e  p l a y i n g  a r e a .  T h i s  " a c t u a l ”  p o s i t i o n  o f  
t h e  t a r g e t  c a n  b e s t  b e  v e r i f i e d  b y  r e a d i n g  t h e  c o - o r d i n a t e  v o l t a g e s  o n  
a  d i g i t a l  v o l t m e t e r  o r  s i m i l a r  d e v i c e .  T h e  a c c u r a c y  t o  w h ic h  t h e  t a r g e t
a n d  s h i p  c o n t r o l s  d e t e r m i n e  t h e s e  p o s i t i o n s  w i t h i n  t h e  p l a y i n g  a r e a  a r e
-  2 0 4  -
a s  f o l l o w s :
( a )  I n i t i a l  P o s i t i o n
T a r g e t s  a n d  o w n  s h i p / s  c a n  b e  s e t  a n y w h e r e  i n  a  s q u a r e  p l a y i n g  
a r e a  o f  6 0  n m  s i d e  t o  a n  a c c u r a c y  o f  ±  2% o f  p l a y i n g  a r e a  s i d e .
( b )  H e a d in g
T h e  a c c u r a c y  o f  c o u r s e  s e t  t o  c o u r s e  m a d e  g o o d  r e l a t e d  t o  s p e e d  
a s  f o l l o w s :
( i )  ± 2 °  a t  m a x im u m  s p e e d
( i i )  ±  4 °  a t  10 % o f  m a x im u m  s p e e d .
( c )  S p e e d
T h e  a c c u r a c y  o f  i n d i c a t e d  s p e e d  i s  a s  f o l l o w s :
( i )  T a r g e t  S h i p  :  ±  5 %  o r  i  k n o t ,  w h i c h e v e r  i s  g r e a t e r .
( i i )  O w n S h i p / s  :  ±  5 %  o r  J k n o t ,  w h i c h e v e r  i s  g r e a t e r .
( i i i )  T a r g e t  A i r c r a f t / H e l i c o p t e r / H o v e r c r a f t  ;  2 %  o f  m a x im u m .
1 . 2 . 8 . 3  R e l a t i v e  C a r t e s i a n  C o - o r d i n a t e s
T h e s e  a r e  o b t a i n e d  b y  s u b t r a c t i n g  t h e  c o - o r d i n a t e s  o f  e a c h  o w n  
s h i p  f r o m  e a c h  o f  t h e  t a r g e t s  a n d  e a c h  o f  t h e  o t h e r  o w n  s h i p s  ( i f  
s i m u l a t e d ) ,  a n d  i s  p e r f o r m e d  t o  a n  a c c u r a c y  o f  0 . 3 %  o f  p l a y i n g  a r e a  
s i d e .
1 . 2 . 8 . 4  R e l a t i v e  R a n g e s  a n d  B e a r i n g s
I n  g e n e r a t i n g  t h e  r a n g e  a n d  b e a r i n g  f r o m  t h e  r e l a t i v e  c a r t e s i a n  
c o o r d i n a t e s  t h e  f o l l o w i n g  a c c u r a c i e s  a p p l y :
( a )  R a n g e  :  t h e  r a n g e  a c c u r a c y  o f  a n y  o w n  s h i p  t o  a n o t h e r  o w n
s h i p  o r  t a r g e t  i s  ±  2% o f  m a x im u m  r a d a r  r a n g e  ( m a x im u m  
r a d a r  r a n g e  -  1 5  n m ) .
t h e  b e a r i n g  a c c u r a c y  o f  a n y  o w n  s h i p  t o  a n o t h e r  o w n  s h i p  
o r  t a r g e t  i s  ±  1 °  a t  m a x im u m  r a d a r  r a n g e  a n d  b e t t e r  t h a n  
±  5°  a t  10 % o f  m a x im u m  r a d a r  r a n g e .
( b )  B e a r i n g
1 . 2 , 9 .  S i m u l a t o r  O u t p u t s
T h e  t r a i n e r  n o r m a l l y  p r o v i d e s  s y n c ,  v i d e o  a n d  a n t i - c l u t t e r  s i g n a l s  
t o  t h e  d i s p l a y s .
1 . 2 . 1 0  P o w e r  S u p p l i e s
T h e  e q u ip m e n t  r e q u i r e s  t h e  f o l l o w i n g  A C  m a i n s  s u p p l y :
( a )  V o l t a g e  :  2 2 0 - 2 4 0 V  R M S  s t a b l e  t o  ±  1 0 %
( b )  F r e q u e n c y  :  5 0  c / s  ±  2  c / s .
-  2 0 5  -
1 , 3  S p e c i f i c  F e a t u r e s  o f  R a d a r  S i m u l a t o r  T y p e  S Y 2 0 1 3 A
M a r i n e  r a d a r  s i m u l a t o r  T y p e  S Y 2 0 1 3 A  s i m u l a t e s  t h r e e  o w n  s h i p s  a n d  
f o u r  t a r g e t s ,  a n d  i n c l u d e s  a  n u m b e r  o f  n o n - s t a n d a r d  f e a t u r e s .
1 . 3 . 1  O w n S h i p  C o n t r o l  U n i t
T h i s  i s  a  s t a n d a r d  u n i t  w i t h  t h e  a d d e d  f a c i l i t y  o f  G IG A N T IC  S H I P  
s i m u l a t i o n .  A  s i n g l e  s w i t c h  i n c r e a s e s  t h e  s p e e d  a n d  r u d d e r  d e l a y s  b y  
a  f a c t o r  o f  a p p r o x i m a t e l y  4 : 1 ,
1 . 3 . 2  O t h e r  O w n  S h i p  F a c i l i t i e s
A s  w e l l  a s  t h e  m a in  o w n  s h i p  c o n t r o l  u n i t ,  e a c h  o w n  s h i p  i s  e q u ip p e d  
w i t h  a  s e c o n d  c o n t r o l  u n i t  e n a b l i n g  p r e s e t  c o u r s e  s e l e c t i o n  a n d  f a c i l i t a t i n g  
o p e r a t i o n  a s  a  h o v e r c r a f t .
( a )  P r e s e t  C o u r s e  S e l e c t o r
T h i s  p a r t  o f  t h e  c o n t r o l  u n i t  i n c l u d e s  a  h e a d in g  d i a l ,  h e lm  c o n t r o l  
a n d  a  N O R M A L / D E M A N D E D  s w i t c h .  I n  t h e  N O R M A L  p o s i t i o n  o f  t h i s  
s w i t c h  t h e  o w n  s h i p  o p e r a t e s  f r o m  t h e  m a in  o w n  s h i p  c o n t r o l  u n i t ,  
b u t  i n  t h e  D E M A N D E D  p o s i t i o n  t h e  o w n  s h i p  a u t o m a t i c a l l y  t u r n s  o n t o  
a  n e w  h e a d in g  a t  a  r a t e  d e t e r m i n e d  b y  t h e  h e lm  c o n t r o l  o n  t h i s  u n i t .
A s  s o o n  a s  t h e  n e w  h e a d in g  i s  a c h ie v e d  a  la m p  i n d i c a t e s  t h i s  s t a t e  
a n d  t h e  c o u r s e  i s  m a i n t a i n e d  u n t i l  a  f r e s h  h e a d in g  i s  s e t  i n .
( b )  H o v e r c r a f t  O p e r a t i o n
T h i s  i s  c o n t r o l l e d  e f f e c t i v e l y  b y  a  s p e e d  s e l e c t o r  s w i t c h ,
0 - 3 0 / 0 - 9 0 ,  t h e  0 - 9 0  p o s i t i o n  s e l e c t i n g  o p e r a t i o n  o f  t h e  o w n  s h i p  
a s  a  h o v e r c r a f t .  T h e  s p e e d  a n d  h e lm  c o n t r o l s  o n  t h e  o w n  s h i p  
c o n t r o l  u n i t  a r e  t h e n  r e p l a c e d  b y  c o n t r o l s  o n  t h i s  u n i t ,  a n d  t h e  
p r e s e t  c o u r s e  s e l e c t o r  b e c o m e s  i n o p e r a t i v e .
1 . 3 . 3  Y a w
S w i t c h e d  f a c i l i t i e s  f o r  i n t r o d u c i n g  y a w  i n t o  t h e  o w n  s h i p ’ s  m o t i o n
i s  p r o v i d e d .  T h r e e  a n q i l i t u d e s  a r e  a v a i l a b l e  f o r  e a c h  o w n  s h i p  -  2  ,
,  o  o  
4  o r  D .
1 . 3 . 4  W in d  a n d  T i d e
A l l  t a r g e t s  a r e  a f f e c t e d  b y  t h e  t i d a l  s t r e a m  s e t  i n ,  b u t ,  s i n c e  t h e  
o w n  s h i p s  a r e  c a p a b le  o f  o p e r a t i n g  a s  s h i p s  o r  h o v e r c r a f t ,  a  c h o ic e  o f  
w in d  o r  t i d e  e f f e c t  i s  a v a i l a b l e  f o r  e a c h  o w n  s h i p .
-  2 0 6  -
1 . 3 . 5  A z i m u t h  S t a b i l i s a t i o n
T h e  t u r n i n g  i n f o r m a t i o n  g e n e r a t e d  b y  t h e  s i m u l a t o r  i s  i n h e r e n t l y  
n o r t h  s t a b i l i s e d ,  b u t ,  b e c a u s e  t h e  d i s p l a y  e q u ip m e n t  i s  d e s i g n e d  t o  
o p e r a t e  f r o m  u n s t a b i l i s e d  d a t a ,  i t  i s  n e c e s s a r y  t o  u n s t a b i l i s e  t h e  
i n f o r m a t i o n  a v a i l a b l e  t o  t h e  d i s p l a y s .  A z i m u t h  s t a b i l i s e r  u n i t s  a r e  
i n c l u d e d  t o  a c h ie v e  t h i s ,  o n e  f o r  e a c h  o w n  s h i p  d i s p l a y ,  a n d  e a c h  
h o u s e s  r e p e a t e r s  f o r  o w n  s h i p  s p e e d  a n d  h e a d i n g .
-  2 0 7  -
A P P E N D IX  I I I . I I
I n i t i a l  S i t u a t i o n s  f o r  t h e  S i m u l a t o r  E x e r c i s e s
O w n s h i p s  1 , 2 , 3  
I n i t i a l  s p e e d  7 . 0  k n o t s
S c a l e :  r e p r e s e n t s  1  n a u t i c a l  m i l e
F I G .  I I I . l  O p e n  O c e a n :  E x e r c i s e  1  I n i t i a l  S i t u a t i o n

-  2 0 9  -
O w n  S h i p s
1 , 2 , 3
I n i t i a l  s p e e d  
8 .0  k n o t s
S c a l e :  5"  r e p r e s e n t s  1  n a u t i c a l  m i l e
F I G .  I I I . 3  O p e n  O c e a n :  E x e r c i s e  3 :  I n i t i a l  S i t u a t i o n
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B
S c a l e ;  i "  r e p r e s e n t s  1  n a u t i c a l  m i l e
F I G .  I I I . 5  O p e n  O c e a n ;  E x e r c i s e  6 :  I n i t i a l  S i t u a t i o n


“  2 1 4  -
T a r g e t  1
I n i t i a l  s p e e d  1 0 . 0  k n o t s
f
O w n  s h i p  1  









O w n s h i p  3  
I n i t i a l  s p e e d :  s l o w
S c a l e :  r e p r e s e n t s  1  n a u t i c a l  m i l e
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FIG. III.VI The set up of the Camera over the Radar Screen
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APPENDIX III.VII
DIFFICULTIES IN USING RADAR PHOTOGRAPHS
A very brief description of the type of problems that were 
encountered in the use of the radar was given on page 46. This is 
enlarged upon in the following section but for a completely full account, 
reference should be made to the Institute of Navigation’s handbook on 





5. False or indirect echoes.
1, Radar Interference (mutual interference)
Interference patterns occur when there are several other radars in 
the vicinity of a ship, operating on the same or very slightly different 
past repetition frequencies (p.r.f.’s). This interference consists of a 
randomly moving pattern of very bright dots over the whole of the P.P.I. 
display. These dots are in fact the actual pulses transmitted by other 
ships. If two radars had identical p.r.f.'s the echo of the interfering 
pulse would always appear at the same range on each trace and thus would 
form a ring on the receiving P.P.I. At the other extreme when the p.r.f.’s 
are very much different, any interference would be in the form of random 
pips or echoes on the screen. The most usual noticeable interference 
occurs when the p.r.f.’s are slightly different, so the echoes appear at 
increasing or decreasing ranges on successive traces and show as spirals 
instead of a ring. The various examples of photographs from the surveys 
all contain interference patterns but they are very distinctive so caused 
few problems when plotting was taking place.
2, Side Lobes
In addition to the main horizontal beam or lobe from the radar aerial, 
which is made very narrow by the design of the reflector or scanner, there 
is an inevitable slight ’’spill-over" of radio energy at various angles on 
either side of this beam. These act as weak, subsidiary beams and are 
always present to some degree in any practical aerial and are known 
’’side-lobes’’. The effect is that the edges of the target are drawn out 
in an arc of a circle on both sides of the one echo. An example of this 






to plot the exact position of the target and secondly another target 
may be concealed. However, as this effect is most likely at close ranges 
there will be information from the frames immediately adjacent to help 
resolve the two problems.
3. Sea Clutter
Sea-clutter takes the form of a large number of small echoes changing 
in position and brightness, all the time surrounding the centre of the 
screen. Since the fronts of waves give stronger echoes than the backs, 
the clutter area is usually oval extending more to windward as can be 
seen in Fig.III.22. This picture was taken during surveyZwhen the sea was 
rather choppy, so to reduce the sea—clutter the anti—clutter control was 
used. Unfortunately in suppressing the clutter, echoes from boats and 
buoys will also have been suppressed. However, if this is not done, 
echoes will get lost in the clutter. This proved to be one of the most 
difficult problems in plotting as the positions of ships when passing 
through the clutter could not always be precisely determined. It was 
therefore, considered essential to keep the clutter low. A further 
example of the effect of sea clutter can be seen in Fig.III.23 which was 
taken on Survey 4, a survey which was not analysed for this thesis. A 
strong storm was blowing up which resulted in the ship having to take 
refuge in Han-rich soon after this photograph was taken. It can be seen 
however that the centre of the screen has become very confused and echoes 
were very easily lost.
4. Multiple Echoes
When another ship is passing on an opposite or parallel course, it 
is possible for a second or even a third echo to appear beyond the true 
echo, on the same bearing and all at equal intervals of range. They are 
fairly easy to detect because of their equal spacing and eventual dis­
appearance of the outer echoes. The effect is caused by the echo from 
the other ship being reflected back and forth between the hulls and still 
being strong enough to paint when it reflects for the third time.
5. False or Indirect Echoes
Some structures such as a funnel are very good reflectors of radio 
waves, and when they lie in the radar beam, a considerable portion of the 
energy will be reflected away. The direct echo will appear on its proper 
bearing and range but a false or indirect echo may also appear at the same 
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Number of six-minute time points 
recorded successfully 72 225 132
Number of six-minute time points lost 9 14 9
Total number of six-minute time points 81 239 141
Percentage loss 11 6 6
Time interval for photographs (mins) 6 3 3
Number of time points lost and reason
Shutter malfunction 8 3 -
Film jamming - 12 7
Changing film 1 14 5
Miscellaneous - 6 -
Number of frames lost through the shutter 
malfunctioning but without loss of time 5 18 14
Number of frames exposed 86 U67 293
Number of films needed 2\ 13i
TABLE III.2 Comparison of the Success of the Photography in 
the Three Sunk Surveys
Table IIL2 provides a comparison between the three Sunk surveys with 
respect to the success of the photography. The percentage of six minute 
time points actually lost in the course of each survey, given in the first 
part of the table may be compared to a non-response rate in a conventional 
sample survey. The reasons for failure to record at a given time 
interval are quoted in the second part and are evidently in no way related 
to the subject of the survey. The only non-random element in their 
occurrence was a tendency to happen when the operator was tired. It is 
thus suggested that this non-response should in no way bias the results of
the surveys.
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From a practical point of view there is obviously a need to gather 
as much useful material from a survey as possible so the reasons for the 
failures will be considered briefly. The vast improvement between 
Survey 1 and Surveys 2 and 3 has already been noted in the text and was 
due to a decision to record every three minutes rather than every six 
minutes. The number of films needed obviously went up but the cost of 
this was minimal compared to the cost and effort involved in starting a 
survey.
The table reflects the results of a gain in experience. Practice 
with changing the film meant that it could be changed within a three 
minute interval by the third survey. The figures recorded in the third 
survey for loss during this process were thus, five frames lost when 
light was allowed to get in, in a very tired moment. Experience also 
made it easier to detect a malfunction of the shutter usually caused by 
failure of the time release button to work properly. This in itself
was due to two separate courses. At the start of the second survey, 
there appeared to be a fault in the camera so a replacement camera was 
used. Two cameras were always taken for such an event as this. The 
other reason was failure on the part of the operator to hold the button 
properly. It is noticeable that there was more non-mechanical errors 
in the third survey than in the other two, as this was the only one 
conducted single-handed.
The last part of the table gives information on the number of films 
necessary. Again, experience helped in that it was decided better to 
change a film whenever it showed signs of sticking in the hope of fore­
stalling the time-consuming situations when the film broke. This 
happened on two separate occasions, one in Survey 2 and one in Survey 3. 
The film broke from its cassette, so in total darkness it had to be 
rewound by hand and kept in a sealed tin.
The main gain in Surveys 2 and 3 over Survey 1 is that a minor fault 
in Survey 1 meant the real loss of data but in Surveys 2 and 3 the loss of 
one three-minute frame due to a minor fault did not produce a real loss 
of data. Allowing for the fact that Survey 3 was conducted by a single 
person leading to an increase in human error, it is to be expected that 
future surveys should produce a non-response rate of even less than 6%,
- 238 -
APPENDIX III.IX
COMPARISON BETWEEN THE DISTRIBUTION OF SHIPS BY SIZE IDENTIFIED 







100 - 499 30 27079
500 - 999 6 6126
1000 - 1999 9 4328
2000 - 3999 13 5208
4000 - 5999 5 2259
6000 - 6999 5 1102
7000 - 7999 1 1404
8000 - 9999 4 2592
10000 and over 15 7293
Total 88 57391
Notes (see p.322 ).
TABLE III. 3 Number of Ships by Size (Gross Registered 
Tonnage) Fully Identified in the Sunk 
Surveys and Worldwide
Table IEL3 gives the distributions by size of ships fully identified 
in the Sunk surveys and of ships worldwide from Lloyds Register of 
Shipping (1972). If the ships in the survey represented a random sample
from the worldwide distribution of ships then the expected number of 
ships in each class would be as given below.
- 239 -
SIZE OF SHIP 
registered tonnage




E.1 (0^ - E ^ / E
100 - 499 30 41.52 3.196
500 - 999 6 9.39 1.224
1000 - 1999 9 6.64 0.838
2000 - 3999 13 7.99 3.141
4000 - 5999 5 3.46 0.685
6000 - 6999 5 1.69 6.483
7000 - 7999 1 2.15 0.615
8000 - 9999 4 3.98 .000
10000 and over 15 11.18 1.305
Total 88 88.00 17.487
Perfoirming a goodness of fit test the calculated value of is 17.49,
,2 = ,(0i-Ei)2where as defined above. With 8 degrees of freedom the
critical value of x^ the 5% level of significance is 15.51. It would
therefore seem reasonable to conclude that the observed distribution in
the Sunk surveys does differ significantly from the worldwide distribution.
The difference obviously lies in the relative over representation of the
larger ships and a corresponding under representation of the smaller ships.
This could be because more smaller ships were among those not identified
since they did not need a pilot or because there are in fact relatively
fewer small ships here than in the rest of the world. This latter finding
would seem to be the most reasonable especially as it supports a similar
(36)conclusion reached by the author (1972) using data from marine traffic 
surveys in the Dover Strait. In that area there was again an under 




COMMENTARY ON EXERCISE 19
Ship No. 3
Destination: Folkestone Pilot Weather: Fog | mile visibility
True Course 045
Initial Speed 10 knots Gross Registered Tonnage 30,000
Full Speed 16 knots
Half Speed 11 knots




06 altered course to 005°
09 altered speed to Full ahead
12 altered course to 305°
19 altered course to Q359
30 altered speed to half ahead
33 altered speed to slow ahead
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APPENDIX IV.II
FORllAT OF THE COMPUTER RECORDS; SIMULATOR DATA
For each exercise there were four types of cards. The first 
contained the necessary parameters for the exercise, the second the 
details on the speeds and courses of all the ships, the third 
information on the experience of the navigators, the size of the ships 
and their maximum speed and the fourth the distance and relative 
bearings of the other ships taking each own ship as central ship in 
turn.
Exercise Parameters
It was necessary to define six parameters on the identification 
card for each exercise. They were
1. course number,
2. exercise number
3. number of time points recorded
4. number of own ships
5. number of target ships,
6. nuraber of ship encounters to be considered.
The course number was purely for identification, as the original 
tracings, notes and other information were available by course. The 
exercise nuraber also helped in identification and was necessary when 
the analyses by type of sea area were carried out. The number of time 
points was the number of points separated by six minute intervals at 
which the relative positions of all the ships were recorded. This had 
to be defined separately for each exercise as the length of recording 
time was obvic :ly a variable. The number of target ships was also a 
variable, and sometimes two exercises of the same number would be changed 
by bringing in a stationary target or even an extra target, once one had ' 
passed out of range. Thus this could not be linked to the exercise 
number. It was also necessary to specify the number of ox<m ships since 
there were one or two occasions where all three could not be separately 
distinguished. The final parameter, number of ship encounters to be 
considered could have been calculated in the program but as it was a 
useful figure to have when preparing the records, it was included on the 
parameter card. For the early exercises where the ’own’ ships did not 
see each other, this figure was simply the number of o^m ships x the 
number of targets. However, in the later exercises it was equal to the
- 241 -
APPENDIX IV.II
FORKAT OF THE COMPUTER RECORDS; SIMULATOR DATA
For each exercise there were four types of cards. The first 
contained the necessary parameters for the exercise, the second the 
details on the speeds and courses of all the ships, the third 
information on the experience of the navigators, the size of the ships 
and their maximum speed and the fourth the distance and relative 
bearings of the other ships taking each own ship as central ship in 
turn.
Exercise Parameters
It was necessary to define six parameters on the identification 
card for each exercise. They were
1. course number.
2. exercise number
3. number of time points recorded
4. number of own ships
5. number of target ships.
6. number of ship encounters to be considered.
The course number was purely for identification, as the original 
tracings, notes and other information were available by course. The 
exercise number also helped in identification and was necessary when 
the analyses by type of sea area were carried out. The number of time 
points was the number of points separated by six minute intervals at 
which the relative positions of all the ships were recorded. This had 
to be defined separately for each exercise as the length of recording 
time was obvic z l y a variable. The number of target ships was also a 
variable, and sometimes two exercises of the same number would be changed 
by bringing in a stationary target or even an extra target, once one had ' 
passed out of range. Thus this could not be linked to the exercise 
number. It was also necessary to specify the number of o^^ ships since 
there were one or two occasions where all three could not be separately 
distinguished. The final parameter, number of ship encounters to be 
considered could have been calculated in the program but as it was a 
useful figure to have when preparing the records, it was included on the 
parameter card. For the early exercises where the ’own' ships did not 
see each other, this figure was simply the number of otm ships x the 
number of targets. However, in the later exercises it was equal to the
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number of ways the three own ships could be considered in pairs which 
is 6(3i) + the number of own ships x the number of targets. The target 
ships are not considered as central ships for the reasons discussed on 
p.36 in the text.
Speeds and Courses
The second type of cards contained information on the speeds and 
courses of each of the own ships and target ships. For own ship one
its speed and course at time point one, the start of the exercise was
given and then followed by its speed and course at the subsequent time 
points recorded. This was followed with the same information for own 
ship two, own ship three and then the target ships. The speed was given 
correct to the nearest integer as it was felt that no greater accuracy 
was justified. Similarly the courses were given to the nearest degree 
measured from the north line which was given on all the tracings.
Experience, Size and Maximum Speed
The third card set contained the information on the experience of 
the navigating officer, the size of his ship in gross registered tons 
and its maximum speed for own ship one, followed by that for own ships
two and three. These were obtained as described in the previous
chapter. Whenever the information was not available, special codes were 
used which are listed later in this Appendix, p.248.
Distance and Relative BearinS
No identification number was given to the individual pieces of data 
within the second and third sets. It was later felt that this would 
have been a goud idea in case the cards got out of order. As the second 
type of information on speeds and courses was punched on several cards, 
when this happened it proved rather lengthy to sort out. An identification 
number was given with each of the distance and relative bearing readings 
so that they could be easily identified in checks and in the analyses.
A typical number was 400190323 which could be read as 400 - course number,
19 exercise number, 03 - time point of 12 minutes from the start, 23 
the relative position of own ship 3 with respect to own ship 2. After 
each number the appropriate distance and relative bearing was given, the 
distance being correct to the nearest tenth of a mile and the bearing to 
the nearest degree. This again was the highest degree of accuracy 
considered justifiable. When the own ships are considered with respect
-  2 4 3  -
t o  e a c h  o t h e r ,  i t  i s  e v i d e n t  t h a t  t h e  n u m b e r  4 0 0 1 9 0 3 3 2  w o u l d  r e f e r  t o  
t h e  s a m e  d i s t a n c e  a s  i n  t h e  c a s e  a b o v e  b u t  t h e  r e l a t i v e  b e a r i n g  w o u l d  
b e  d i f f e r e n t .  F o r  t h i s  r e a s o n ,  b o t h  w e r e  r e a d  i n  s e p a r a t e l y .  I n  a  
s i m i l a r  m a n n e r  t o  t h e  s e c o n d  s e t  o f  d a t a  t h e  d i s t a n c e s  a n d  r e l a t i v e  
b e a r i n g s  b e t w e e n  t w o  s h i p s  f o r  e a c h  t i m e  p o i n t  w e r e  r e a d  i n  c o n s e c ­
u t i v e l y ,  a n d  t h e  s e q u e n c e  w a s  r e p e a t e d  f o r  t h e  o t h e r  p a i r s  o f  s h i p s .
I f  t w o  s h i p s  c o u l d  n o t  s e e  e a c h  o t h e r  o n  t h e  r a d a r  s c r e e n  b e c a u s e  o f  
d i s t a n c e  o r  l a n d  o b s t r u c t i o n ,  f i g u r e s  o f  9 9  f o r  t h e  d i s t a n c e  a n d  9 9 9  
f o r  t h e  b e a r i n g  w e r e  e n t e r e d  s o  t h a t  t h e y  w o u l d  n o t  c o m e  i n t o  t h e  a n a l y s i s  
b u t  t h e  o r d e r i n g  o f  e n t r i e s  f o r  t h e  p r o g r a m  w o u l d  n o t  b e  d i s t u r b e d .  A  
s i m i l a r  c o n v e n t i o n  w a s  u s e d  f o r  t h e  s p e e d  a n d  c o u r s e  o f  a  s h i p  t h a t  w a s  
n o t  p r e s e n t  a t  a  g i v e n  p o i n t  i n  t i m e  o n  t h e  d i s p l a y  b u t  w a s  i n v o l v e d  a t  
s o m e  s t a g e  i n  t h e  e x e r c i s e .  T h e  p r e c i s e  o r d e r i n g  o f  t h e  e n c o u n t e r s  a n d  
a  s u m m a r y  o f  t h e  c a r d  p a c k  f o r  e a c h  e x e r c i s e  a r e  g i v e n  o n  t h e  n e x t  p a g e ,  
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a p p e n d i x  I V .  I V
C H E C K I N G  P R O C E D U R E S  F O R  T H E  P R O G R A M S  A N D  D A T A .  S I M U L A T O R  D A T A
S o m e  i n d e p e n d e n t  c h e c k i n g  p r o c e d u r e s  w e r e  d e v i s e d  b o t h  f o r  t h e  
p r o g r a m s  a n d  f o r  t h e  d a t a .
T h e  b a s i c  p r o g r a m  w a s  d e v e l o p e d  u s i n g  a  s e t  o f  t e s t  d a t a  d e s i g n e d  
e s p e c i a l l y  t o  c h e c k  t h a t  v a l u e s  n e a r  t h e  d i v i s i o n  p o i n t s  o f  t h e  c e l l s  
w e r e  c o r r e c t l y  a s s i g n e d .  O n c e  d e v e l o p e d ,  t h e  p r o g r a m  w a s  r u n  u s i n g  a  
s a m p l e  o f  t h e  d a t a  w h i c h  h a d  a l s o  b e e n  a n a l y s e d  b y  h a n d  a n d  t h e  t w o  
r e s u l t s  w e r e  c o m p a r e d .  A  s i m i l a r  p r o c e d u r e  w a s  u s e d  t o  c h e c k  a n y  
m o d i f i c a t i o n s  m a d e  t o  t h e  b a s i c  p r o g r a m  s u c h  a s  t h e  c a l c u l a t i o n  o f  
r e l a t i v e  v e l o c i t i e s  a n d  s u b s e q u e n t  p r o d u c t i o n  o f  t h e  d i s t r i b u t i o n s  b y  
v a r i o u s  i n d e p e n d e n t  v a r i a b l e s .
T h e  d a t a  w a s  r e a d  i n  p a r t l y  i n  r e a l  f o r m a t  a n d  p a r t l y  i n  i n t e g e r  
f o r m a t  w h i c h  p r o v i d e d  a  c h e c k  t h a t  t h e r e  w a s  s u f f i c i e n t  d a t a  p e r  e x e r c i s e ,  
A b n o r m a l l y  h i g h  o r  l o w  v a l u e s  o f  t h e  v a r i a b l e s  w e r e  c h e c k e d  b y  g e t t i n g  
p r i n t o u t s  w h e n e v e r  t h e y  o c c u r r e d .
I n  t h e  l a t e r  e x e r c i s e s  w h e n  t h e  e c h o e s  o f  a l l  t h e  o w n  s h i p s  a p p e a r e d  
o n  t h e  s c r e e n s ,  t h e  s u c c e s s i v e  d i s t a n c e s  i n  t h e  e n c o u n t e r  b e t w e e n  s h i p  1  
a s  c e n t r a l  s h i p  a n d  s h i p  2  s h o u l d  b e  t h e  s a m e  a s  i n  t h e  e n c o u n t e r  
b e t w e e n  s h i p  2  a s  c e n t r a l  s h i p  a n d  s h i p  1 ,  a n d  s i m i l a r l y  f o r  t h e  o t h e r  
p a i r s  o f  o w n  s h i p s .  T h i s  c o u l d  b e  u s e d  t h e r e f o r e  a s  a  c h e c k  i n  t h i s  
s i t u a t i o n .
A  f i n a l  c h e c k  w h i c h  c o u l d  b e  u s e d  w a s  t o  c o n s i d e r  t h e  p a t t e r n  o f  
s e p a r a t i o n  d i s t a n c e s  i n  a n  e n c o u n t e r .  F o r  a  s i m p l e  e x e r c i s e  t h e  c u r v e  
o f  d i s t a n c e  a g a i n s t  t i m e  w a s  r o u g h l y  U —s h a p e d  a n d  e v e n  f o r  t h e  m o r e  
c o m p l i c a t e d  e x e r c i s e s  t h e r e  s h o u l d  b e  n o  l a r g e  s u d d e n  v a r i a t i o n s  f r o m  
t h i s  b a s i c  p a t t e r n  e v e n  i f  o n l y  p a r t  o f  t h e  U  s h a p e  w e r e  p r e s e n t .
-  2 5 1  -
r e s p e c t i v e l y .  I t  c o u l d  a l s o  b e  c h a n g e d  i f  a  s h i p  w a s  a t  a n c h o r .  T h e  
f u l l  l i s t  o f  p o s i t i o n  c o d e s  w a s  a s  f o l l o w s :
P o s i t i o n s
C o d e P o s i t i o n i n  t h e  A r e a
0 O p e n  s e a
8 C h a n n e l
W i t h i n  1 m i l e  r a d i u s  o f  p i l o t  v e s s e l
9 ' a n d  p a s s i n g  t h r o u g h
1 0
1 1
I n w a r d  { a p p r o a c h i n g  w i t h o u t  a  p i l o t  
l e a v i n g  w i t h  a  p i l o t
1 2
1 3
O u t w a r d  {
a p p r o a c h i n g  w i t h  a  p i l o t  
l e a v i n g  w i t h o u t  a  p i l o t
6 L e a v i n g  f r o m  a n c h o r
7 C o i n i n g  t o a n c h o r
T h e  l e n g t h  b e t w e e n  p e r p e n d i c u l a r s  i n  f e e t  a n d  t h e  g r o s s  r e g i s t e r e d  
t o n n a g e  w e r e  a s  f o u n d  i n  L l o y d s '  R e g i s t e r  o f  S h i p p i n g  w h e n e v e r  a  s h i p  
h a d  b e e n  i d e n t i f i e d .  I f  t h e y  w e r e  c o m p l e t e l y  u n k n o w n ,  t h e n  a  0  w a s  
e n t e r e d  i n  e a c h  c a s e ,  b u t  i f  t h e  t y p e  a l o n e  c o u l d  b e  i d e n t i f i e d ,  a  
s p e c i a l  c o d e  n u m b e r  w a s  e n t e r e d  f o r  b o t h  v a r i a b l e s .  T h i s  a p p l i e d  t o  
f i s h i n g  b o a t s ,  f e r r i e s ,  y a c h t s ,  t h e  p i l o t  b o a t  a n d  t h e  r e l i e f  p i l o t  
b o a t  w h e n  t h i s  a p p e a r e d  f r o m  H a r w i c h ,  T h e  f u l l  l i s t  o f  s i z e  c o d e s  
u s e d  w a s  a s  f o l l o w s
S i z e
L e n g t h f e r o s s  r e g i s t e r e d  t o n n a g e  T y p e  o f  S h i p  
D a t a  C o d e s
L e n g t h  b e t w e e n  p e r p e n d i c u l a r s  
i n  f e e t  a n d  g r o s s  r e g i s t e r e d  
t o n n a g e  a s  i n  L l o y d s  R e g i s t e r  
o:^ S h i p p i n g
N o t  k n o w n  
Y a c h t
F e r r y  i f  e x a c t  d e t a i l s  n o t  k n o w n  
F i s h i n g  v e s s e l  
P i l o t  v e s s e l
R e l i e f  p i l o t  v e s s e l  o n  j o u r n e y  t o  
a n d  f r o m  i t s  s t a t i o n
A l l  s h i p s  f u l l y  i d e n t i f i e d
-  2 3 2  -
A P P E N D I X  I V .  V I
C H E C K I N G  P R O C E D U R E S ;  S U N K  S U R V E Y  D A T A
S i n c e  t h e  p r o g r a m s  f o r  t h i s  d a t a  w e r e  m o r e  c o m p l e x  t h e y  w e r e  
c h e c k e d  v e r y  t h o r o u g h l y  t o  e n s u r e  t h e y  w e r e  d o i n g  t h e  c o r r e c t  t a s k s  
u s i n g  b o t h  t e s t  d a t a  a n d  t h e n  b y  r u n n i n g  a  s a m p l e  o f  r e a l  d a t a  a n d  
c r o s s - c h e c k i n g  t h e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  m a n u a l l y .
T h e  d a t a  i t s e l f  w a s  c h e c k e d  u s i n g  a  p r o g r a m  d e s i g n e d  t o  s p o t  a n y  
a n o m a l i e s .  T h u s  i t  c h e c k e d  t h a t  e v e r y  r e c o r d  b e a r i n g  t h e  s a m e  s h i p  
n u m b e r  a l s o  h a d  t h e  s a m e  t o n n a g e  a n d  l e n g t h .  A g a i n  f o r  a n y  
p a r t i c u l a r  s h i p ,  t h e  r e c o r d s  f o r  t i m e ,  p o i n t  T  a n d  T  +  1  s h o u l d  
c o r r e s p o n d  s o  t h a t  t h e  s e c o n d  s e t  o f  c o o r d i n a t e s  g i v e n  f o r  t h e  r e c o r d  
a t  t i m e  T  s h o u l d  b e  v e r y  s i m i l a r  t o  t h e  f i r s t  s e t  o f  c o o r d i n a t e s  g i v e n  
f o r  t h e  r e c o r d  o f  t i m e  T  +  1 .  I t  w a s  a r r a n g e d  t h a t  i f  t h e y  w e r e  n o t  
e q u a l  a  p r i n t o u t  w a s  g i v e n  w h i c h  c o u l d  b e  c h e c k e d  a g a i n s t  t h e  o r i g i n a l  
p l o t s .
I t  w a s  a l s o  a r r a n g e d  t h a t ,  s i n c e  t h e  c a r d s  w e r e  g r o u p e d  b y  h o u r ,  
t h e  n u m b e r  o f  c a r d s  i n  a n  h o u r  w a s  g i v e n  i n  i n t e g e r  f o r m a t  a n d  t h e  s h i p  
n u m b e r s  w e r e  g i v e n  i n  r e a l  f o r m a t  w h i c h  m a d e  i t  e a s y  t o  l o c a t e  
i n c o m p l e t e  r e c o r d s  o r  o n e s  w r o n g l y  p l a c e d  o n c e  t h e  d a t a  h a d  b e e n  c h e c k e d «  
T h e  m a i n  c h e c k i n g  p r o g r a m  a l s o  c h e c k e d  t h a t  a l l  t h e  c a r d s  w i t h i n  a n  h o u r  
g r o u p  d i d  i n  f a c t  b e l o n g  t o  t h a t  h o u r .
-  2 5 3  -
A P P E N D I X  I V . V I I
A  S T A T I S T I C A I .  I N V E S T I G A T I O N  I N T O  T H E
D I S T R I B U T I O N  O F  N U M B E R  O F  S H I P S  P E R  S E C T O R  ( S I M U L A T O R  D A T A )
1 .  A L L  E X E R C I S E S  C O M B I N E D
I n  t h e  d i s c u s s i o n  o n  p . 7 9  i t  w a s  s u g g e s t e d  t h a t  t h e r e  a r e  s o m e  
p e c u l a r i t i e s  i n  t h e  d i s t r i b u t i o n s  o f  n u m b e r  o f  s h i p s  p e r  s e c t o r ,  w h i c h  
m a k e  t h e  d i s t r i b u t i o n s  o t h e r  t h a n  w h a t  m i g h t  h a v e  b e e n  e x p e c t e d  b y
c h a n c e  a l o n e .  I t  i s  p r o p o s e d  t o  e x a m i n e  t h i s  q u e s t i o n  s t a t i s t i c a l l y  
i n  t h i s  s e c t i o n .
I n  t h e o r y  s i n c e  t h e  a r e a s  o f  t h e  s e c t o r s  a r e  i n  t h e  r a t i o  5 : 5 ; 6 ,  
w i t h  S e c t o r  3  t h e  l a r g e s t ,  t h e n  t h e  o b s e r v e d  n u m b e r s  o f  s h i p s  p e r  s e c t o r  
s h o u l d  b e  i n  t h i s  r a t i o  a s  w e l l .  C o n s i d e r a t i o n  o f  t h e  r e s u l t s  f o r  a l l  
e x e r c i s e s  c o m b i n e d  r e v e a l s  t h e  f o l l o w i n g  p i c t u r e s
O b s e r v e d  n u m b e r  o f  s h i p s  
E x p e c t e d  n u m b e r  o f  s h i p s
S e c t o r  1  
1 1 7 4  
9 7 6 . 2 5
S e c t o r  2  
1 1 8 1  
9 7 6 . 2 5
P e r f o r m i n g  a  g o o d n e s s  o f  f i t  t e s t  a  v a l u e  o f  =  2 2 1 . ¡ 2 9  i s  
c a l c u l a t e d  w h i c h  i s  s i g n i f i c a n t  a t  t h e  . 1 %  l e v e l ,  u s i n g  x ^  o n  2  d e g r e e s  
f r e e d o m .  ( x ^  2 ,  . 1 %  =  1 3 . 8 1 ) .  T h e  d i f f e r e n c e  o b v i o u s l y  l i e s  i n  t h e  
u n d e r - r e p r e s e n t a t i o n  o f  S e c t o r  3 .
A n o t h e r  r e a s o n  f o r  t h i s  d i s c r e p a n c y  o t h e r  t h a n  t h e  o n e  g i v e n  i n  t h e  
d i s c u s s i o n ,  o f  t h e  t e n d e n c y  t o  f i n i s h  a l l  e x e r c i s e s  a s  s o o n  a s  t h e  
^ ^ i i i s i o n  s i t u a t i o n  i s  s u c c e s s f u l l y  r e s o l v e d ,  m i g h t  b e  t h a t  t h e  p r e s e n c e  
o f  t h e  d o m a i n  c a u s e s  t h e  d i s t r i b u t i o n  t o  b e  o t h e r  t h a n  t h e  t h e o r e t i c a l  
r a n d o m  o n e .  H o w e v e r ,  t h e r e  i s  n o  r e a s o n  t o  s u g g e s t  w h y  i n  g e n e r a l  t h e  
d o m a i n  s h o u l d  a f f e c t  t h e  n u m b e r  o f  p o i n t s  i n  t o t a l  f a l l i n g  i n t o  e a c h  
s e c t o r ,  p r o v i d e d  a  r e a s o n a b l y  s i z e d  a r e a  a r o u n d  t h e  s h i p  s u c h  a s  a  c i r c l e  
o f  5  m i l e  r a d i u s  i s  c o n s i d e r e d ,  e v e n  t h o u g h  i t  a f f e c t s  t h e  d i s t r i b u t i o n  
o f  p o i n t s  w i t h i n  e a c h  s e c t o r .  T o  h e l p  r e s o l v e  t h i s ,  a  s i m i l a r  a n a l y s i s  
o f  t h e  t o t a l  n u m b e r  o f  p o i n t s  p e r  s e c t o r  f o r  t h e  S u \ “i k  s u r v e y s  m i g h t  b e  
u s e f u l .
F o r  a l l  s u r v e y s  c o m b i n e d  t h e  o b s e r v e d  a n d  e x p e c t e d  f r e q u e n c i e s ,  
u n d e r  t h e  s a m e  h y p o t h e s i s  a s  b e f o r e ,  a r e  a s  f o l l o w s :
-  2 5 4  -
S e c t o r  1 S e c t o r  2 S e c t o r  3 T o t a l
1 4 0 1 1 3 0 1 1 9 7 9 4 6 8 1
1 4 6 2 . 8 1 1 4 6 2 . 8 1 1 7 5 5 . 3 8 4 6 8 1
O b s e r v e d  n u m b e r  o f  s h i p s
E x p e c t e d  n u m b e r  o f  s h i p s
T h i s  g i v e s  a  v a l u e  o f  4 9 . 0 0  w h i c h  i s  a g a i n  s i g n i f i c a n t  a t  t h e  . 1 %  
l e v e l .  T h e  d i f f e r e n c e  h e r e  c o u l d  l i e  b e t w e e n  S e c t o r  1  a n d  S e c t o r  2  o r  
m a i n l y  b e c a u s e  S e c t o r  3  i s  s o  m u c h  l a r g e r  t h a n  t h e  o t h e r  t w o .
C o n s i d e r i n g  S e c t o r s  1  a n d  2  a l o n e  a n d  u s i n g  a  n u l l  h y p o t h e s i s  t h a t  
t h e y  s h o u l d  b e  e q u a l ,  t h e  f o l l o w i n g  r e s u l t s  a r e  o b t a i n e d
S e c t o r  1  S e c t o r  2  T o t a l
O b s e r v e d  n u m b e r  o f  s h i p s  1 4 0 1  1 3 0 1  2 7 0 2
E x p e c t e d  n u m b e r  o f  s h i p s  1 3 5 1  1 3 5 1  2 7 0 2
X i s  c a l c u l a t e d  a s  3 . 7 0 .  A s  t h e  5 %  v a l u e  o f  t h e  x ^  d i s t r i b u t i o n  w i t h  
o n e  d e g r e e  o f  f r e e d o m  i s  3 . 8 4  t h i s  i s  a  n o n - s i g n i f i c a n t  r e s u l t  a n d  i t  i s  
p r o b a b l y  r e a s o n a b l e  t o  c o n c l u d e  t h a t  t h e r e  i s  n o  r e a l  d i f f e r e n c e  b e t w e e n  
S e c t o r s  1  a n d  2 ,  T h u s  i n  f a c t  t h e  S u n k  s u r v e y s  s h o w  a  l a r g e r  t h a n  
e x p e c t e d  n u m b e r  o f  v a l u e s  i n  t h e  t h i r d  s e c t o r .  T h e  p r o b l e m  o f  w h e t h e r  
t h i s  r e s u l t  i s  t r u l y  a  r e s u l t  o f  t h e  d o m a i n  o r  a  r e s u l t  o f  t h e  p a r t i c u l a r  
a r e a  o f  t h e  s u r v e y ,  i s  s o m e t h i n g  t h a t  m u s t  b e  i n v e s t i g a t e d  m o r e  f u l l y  
a t  a  l a t e r  s t a g e .  H o w e v e r ,  a t  t h i s  s t a g e  o f  t h e  a r g u m e n t  i t  s e e m s  t o  
l e n d  s u p p o r t  t o  t h e  s t a t e m e n t  t h a t  t h e  s i m u l a t o r  d a t a  i s  v e r y  m u c h  u n d e r  
r e p r e s e n t e d  i n  t h e  t h i r d  s e c t o r .
2 .  S I N G L E  E X E R C I S E S
I t  w a s  a l s o  s u g g e s t e d  i n  t h e  d i s c u s s i o n  o n  p . 7 9  t h a t  t h e  d i f f e r e n t  
e x e r c i s e s  o n  t h e i r  o w r*  l e a d  t o  d i f f e r e n c e s  i n  t h e  r e p r e s e n t a t i o n s  o f  e a c h  
o f  t h e  s e c t o r s .
C o n s i d e r i n g  f o r  e x a n p l e ,  e x e r c i s e  1 ,  t h e  i n i t i a l  s i t u a t i o n  f o r  w h i c h  
* • • •IS given in Fig.III.l, the number of points observed in each sector were 
as follows:
S e c t o r 1  : 3 9
S e c t o r 2  : 1 8
S e c t o r 3  : 1 1
A g a i n  u n d e r  t h e  s a m e  h y p o t h e s i s  a s  p r e v i o u s l y  t h e  n u m b e r s  e x p e c t e d  i n  
e a c h  s e c t o r  w e r e : -
S e c t o r  1  2 1 . 2 5
S e c t o r  2  2 1 . 2 5
S e c t o r  3  2 5 . 5 0
-  2 5 5  -
T h i s  g i v e s  a x  v a l u e  o f  2 3 . 5 6  w h e n  a  g o o d n e s s  o f  f i t  t e s t  i s  p e r f o r m e d ,  
w h i c h  i s  s i g n i f i c a n t  a t  t h e  , 1 %  l e v e l .  A l t h o u g h  t h e r e  i s  a  d i s c r e p a n c y  
i n  S e c t o r  3  c o m p a r e d  t o  t h e  o t h e r  t w o ,  t h e r e  i s  a l s o  a  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  S e c t o r s  1  a n d  2  ( x ^  c a l c u l a t e d  =  7 . 7 4  s i g n i f i c a n t  a t  
t h e  1%  l e v e l ) .
I n  t h i s  c a s e  i t  a r i s e s  b e c a u s e  t h e  m a j o r i t y  o f  s h i p s  w i l l  h a v e  
m a n o e u v r e d  s o  t h a t  b y  t h e  t i m e  t h e  s e p a r a t i o n  d i s t a n c e  b e t w e e n  t h e  ’ o w n '  
s h i p  a n d  t h e  t a r g e t  s h i p  i s  l e s s  t h a n  5  m i l e s  t h e  t a r g e t  s h i p  w i l l  b e  
i n  S e c t o r  1  o f  t h e  ’ o\^m’ s h i p .  H e n c e  o n e  e x e r c i s e  o n  i t s  o w n  c a n  
o b v i o u s l y  n o t  b e  u s e d  f o r  a l l  s e c t o r s .
3 .  T Y P E S  O F  E X E R C I S E S
C o n s i d e r i n g  t h e  s i m u l a t o r  d a t a  b r o k e n  d o w n  i n t o  t h e  t h r e e  m a i n  
t y p e s  o f  e x e r c i s e  v i z : -  O p e n  O c e a n ,  G i b r a l t a r  a n d  D o v e r  S t r a i t ,  t h e  
f o l l o w i n g  o b s e r v e d  d i s t r i b u t i o n  o f  n u m b e r s  o f  s h i p s  a r i s e
O p e n  O c e a n  3 6 1  3 9 4  1 6 5  9 2 0
G i b r a l t a r  S t r a i t  4 5 0  5 8 3  3 7 1  1 4 0 4
D o v e r  S t r a i t  3 6 3  2 0 4  2 3 3  8 0 0
S i n c e  S e c t o r  3  m u s t  b e  i g n o r e d ,  t h e n  u n d e r  t h e  h y p o t h e s i s  t h a t  t h e  
n u m b e r s  i n  S e c t o r  1  a n d  S e c t o r  2  a r e  e q u a l ,  t h e  f o l l o w i n g  v a l u e s  o f  x ^  
a r e  o b t a i n e d : -
O p e n  O c e a n  1 . 4 4
G i b r a l t a r  S t r a i t  1 7 . 1 2
D o v e r  S t r a i t  4 4 . 5 9
S i n c e  t h e  v a l u e s  o f  x ^  o n  1  d . o . f .  a r e  3 . 8 4  f o r  5 %  a n d  1 0 . 8 3  f o r  . 1 % ,
t h e  O p e n  O c e a n  r e s u l t  i s  n o n —s i g n i f i c a n t  b u t  t h e  o t h e r  t w o  a r e  v e r y
h i g h l y  s i g n i f i c a n t .  A s  h o w e v e r  t h e  G i b r a l t a r  a n d  D o v e r  r e s u l t s  d i f f e r
s o  t h a t  i n  o n e  c a s e  s e c t o r  1  i s  m o r e  r e p r e s e n t e d  a n d  i n  t h e  o t h e r
s e c t o r  2  h a s  t h e  l a r g e s t  n u m b e r  o f  p o i n t s ,  t h e  e f f e c t  i s  n o t  s y s t e m a t i c .
T h e  c a u s e  m a y  b e  d u e  t o  t h e  t y p e  o f  e x e r c i s e  w i t h i n  e a c h  a r e a  b u t  m o r e  
• ^
i n t e r e s t i n g l y  m a y  b e  d u e  t o  t h e  t y p e  o f  n a v i g a t i o n  n e c e s s a r y  w i t h i n  a 
p a r t i c u l a r  a r e a .  T h i s  i d e a  i s  s u p p o r t e d  b y  t h e  r e s u l t s  f o r  t h e  S u n k  
S u r v e y  j u s t  a n a l y s e d  w h e r e  t h e r e  w a s  a n  a b n o r m a l l y  h i g h  i n c i d e n c e  o f  
p o i n t s  i n  S e c t o r  3  a n d  t h e  r e s u l t s  f o r  t h e  O p e n  O c e a n .  F u r t h e r  
s u p p o r t  i s  g i v e n  i n  t a b l e  I V . l  w h i c h  s h o w s  f o r  t h e  i n d i v i d u a l  e x e r c i s e s  
w i t h i n  e a c h  o f  t h e  t w o  t y p e s  o f  s i t u a t i o n ,  t h e  d i s t r i b u t i o n s  b y  s e c t o r .
-  2 5 6  -
E X E R C I S E  S I T U A T I O N S T R A I T O F  G I B R A L T A R D O V E R  S T R A I T
E x e r c i s e  N o . 9 1 0 1 1 1 2 1 3 1 8 1 9 2 0
S E C T O R  1 1 0 7 9 8 6 1 1 4 1 4 3 3 2 8 5 2 4 6
S E C T O R  2 1 3 8 1 8 9 3 6 1 3 1 8 9 2 7 5 4 1 2 3
S E C T O R  3 7 8 1 0 4 3 0 8 7 7 2 4 2 4 1 1 5 0
T O T A L 3 2 3 3 9 1 1 2 7 3 5 9 2 0 4 1 0 1 1 8 0 5 1 9
T A B L E  I V J  T h e  D i s t r i b u t i o n  o f  T o t a l  N u m b e r  o f  S h i p s  b y  S e c t o r  a n d  
b y  E x e r c i s e :  S i m u l a t o r  D a t a  -  D o v e r  S t r a i t  a n d  S t r a i t  
o f  G i b r a l t a r
C O N C L U S I O N S
1 .  T h e r e  i s  s t a t i s t i c a l  e v i d e n c e  t o  s u g g e s t  a n  u n d e r  r e p r e s e n t a t i o n  
o f  S e c t o r  3  i n  t h e  s i m u l a t o r  d a t a .
2 .  I t  i s  r e c o m m e n d e d  t h a t  t h e  e a r l y  o p e n  o c e a n  e x e r c i s e s  s h o u l d  n o t  
b e  a n a l y s e d  s e p a r a t e l y  f o r  e a c h  s e c t o r .
3 .  T h e r e  a p p e a r s  t o  b e  a  d i f f e r e n c e  b e t w e e n  t h e  d i s t r i b u t i o n s  b y  
s e c t o r  f o r  d i f f e r e n t  a r e a s .  W i t h  t h e  a d d e d  i n f o r m a t i o n  f r o m  t h e  S u n k  
s u r v e y s  t h i s  w o u l d  s u g g e s t  t h e  d i f f e r e n c e  a r i s e s  i n  t h e  d i f f e r e n t  a r e a s  
a n d  n o t  n e c e s s a r i l y  f r o m  t h e  e x e r c i s e  s i t u a t i o n s .  W h i c h e v e r  i s  t h e  
c a u s e  t h e r e  s h o u l d  b e  s u f f i c i e n t  d a t a  f o r  e a c h  o f  t h e  s e c t o r s  t o  b e  
a n a l y s e d  i n  e a c h  s i t u a t i o n .  T h i s  p o i n t  w i l l  b e  t a k e n  u p  a g a i n  i n  m o r e  
d e t a i l  i n  C h a p t e r  6 ,  t h e  d i s c u s s i o n  o n  t h e  e f f e c t s  o f  t h e  d i f f e r e n t  
v a r i a b l e s .

2 5 8  -
A P P E N D I X  I V . I X
C O M P A R I S O N  O F  T H E  D I S T R I B U T I O N S  O B T A I N E D  
F R O M  T H E  T H R E E  S E P A R A T E  S U N K  S U R V E Y S
U s i n g  t h e  m o d i f i e d  b a s i c  d i s t r i b u t i o n s  a s  d e f i n e d  o n  p . 7 6  ,  t h e  
n u m b e r  o f  p o i n t s  f a l l i n g  w i t h i n  b a n d s  o f  w i d t h  1  m i l e  f o r  e a c h  o f  t h e  
t h r e e  s u r v e y s  w e r e  a s  s h o w n  b e l o w .  T h e  t h r e e  s e c t o r s  h a v e  b e e n  
c o m b i n e d  f o r  t h i s  p u r p o s e .
D i s t a n c e  f r o m  t h e  C e n t r e
W i t h i n  1  m i l e
1  m i l e  o r  m o r e  b u t  l e s s  t h a n  2  m i l e s
2  m i l e s  o r  m o r e  b u t  l e s s  t h a n  3  m i l e s
3  m i l e s  o r  m o r e  b u t  l e s s  t h a n  A m i l e s
4  m i l e s  o r  m o r e  b u t  l e s s  t h a n  5  m i l e s
T o t a l  N o .  o f  p o i n t s
S u r v e y  N o •
1 2 3 T o t a l
8 2 8 6 1 0 1 2 6 9
2 7 4 3 4 5 3 1 6 9 3 5
3 8 2 5 1 2 4 1 1 1 3 0 5
4 0 9 4 2 1 3 6 1 1 1 9 1
3 5 3 3 2 8 3 0 0 9 8 1
1 5 0 0 1 6 9 2 1 4 8 9 4 6 8 1
T r e a t i n g  t h e  a b o v e  d a t a  a s  a  c o n t i n g e n c y  t a b l e  w i t h  a  n u l l  h y p o t h e s i s
t h a t  t h e  d i s t a n c e  a  p o i n t  c h o s e n  a t  r a n d o m  i s  f r o m  t h e  c e n t r e  i s  i n d e p e n ™
d e n t  o f  w h i c h  s u r v e y ,  i t  b e l o n g s  t o  t h e  f o l l o w i n g  t a b l e  o f  e x p e c t e d
f r e q u e n c i e s  i s  f o u n d .  T h e  f i g u r e  i n  b r a c k e t s  i n  e a c h  c e l l  i s  t h e(0i“ Ei)2
c o n t r i b u t i o n  t o  t h e  s u m  2 --------------------------  a r i s i n g  f r o m  t h a t  c e l l  w h e r e  0 -
r.i 1
i s  t h e  o b s e r v e d  f r e q u e n c y  a n d  E £  i s  t h e  e x p e c t e d  f r e q u e n c y .
D i s t a n c e  f r o m  t h e  C e n t r e
W i t h i n  1 m i l e
1  m i l e  o r  m o r e  b u t  l e s s
t h a n  2  m i l e s
2  m i l e s  o r  m o r e  b u t  l e s s
t h a n  3  m i l e s
3  m i l e s  o r  m o r e  b u t  l e s s
t h a n  4  m i l e s
4  m i l e s  o r  m o r e  b u t  l e s s
t h a n  5  m i l e s
(0 . - E . )2
T h e  t o t a l  s u n  E —  -----------—
E .
1
S u r v e y  1  
8 6 . 2 ( . 2 0 5 )
S u r v e y  2  S u r v e y  3
9 7 . 2 ( 1 . 2 9 7 )  8 5 . 6 ( 2 . 7 8 2 )
2 9 9 . 6 ( 2 . 1 9 1 )  3 3 8 . 0 ( . 1 4 6 )  2 9 7 . 4 ( 1 . 1 6 1 )
4 1 8 . 2 ( 3 . 1 3 0 )  4 7 1 . 7 ( 3 . 4 5 8 )  4 1 5 . 1 ( . 0 4 1 )
3 8 1 . 6 ( 1 . 9 8 2 )  4 3 0 . 5 ( . 2 1 0 )  3 7 8 . 9 ( . 8 4 1 )
3 1 4 . 4 ( 4 . 7 4 9 )  3 5 4 . 6 ( 1 . 9 9 4 )  3 1 2 . 1 ( . 4 6 5 )
i s  2 4 . 6 5
S i n c e  t h i s  i s  a  5  x  3  t a b l e ,  t h e r e  a r e  8  d e g r e e s  o f  f r e e d o m  a n d  
t h e  5 %  v a l u e  i s  1 5 . 5 1 .  T h i s  s u g g e s t s  t h a t  t h e r e  i s  a  s i g n i f i c a n t  
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5x .2 1 = X.--- 1m.1
^si C .=Ey .SI SI T .=X.y . SI 1 SI
Sign of 
T . - C .SI SI
y . un 1
smoothed
1 1 1.000 0 0 0 0
2 3 1.333 0 0 0 0
3 5 1.800 0.7 0.7 1.3 + 0
4 7 2.286 1.7 2.3 3.9 + 2
5 9 2.778 2.0 4.3 5.6 + 3
6 11 3.273 3.3 7.7 10.8 + 1
7 13 3.769 3.7 11.3 12.4 + 6
8 15 4.267 5.7 17.0 24.3 + 4
9 17 4.765 5.7 22.7 27.2 + 7
10 19 5.263 6.0 28.7 31.6 + 6
11 21 5.762 7.3 36.0 42.1 + 5
12 23 6.261 7.0 43.0 43.8 + 11
13 25 6.760 8.0 51.0 54.1 + 5
14 27 7.259 7.3 58.3 53.0 - 8
15 29 7.759 11.7 70.0 90.8 + 9
16 31 8.258 13.3 83.3 109.8 + 18
17 33 8.758 13.0 96.3 113.8 + 13
18 35 9.257 12.0 108.3 111.1 + 8
19 37 9.757 14.3 122.7 139.5 + 15
20 39 10.256 19.0 141.7 194.8 + 20
21 41 10.756 20.0 161.7 215.1 + 22
22 43 11.256 18.0 179.7 202.6 + 18
23 45 11.756 19.7 199.3 231.6 + 14
24 47 12.255 18.7 218.0 229.2 + 27
25 49 12.755 22.0 240.0 280.6 + 15
26 51 13.255 17.7 257.7 234.6 _ * 24
27 53 13.755 19.0 276.7 261.3 - 14
28 55 14.255 17.0 293.7 242.3 - 19
29 57 14.754 16.3 310.0 240.5 - 18
30 59 15.254 17.3 327.3 263.0 12
Notes (see p. 322 )
* y * ' >  = (2.55, 17.7) point C
TABLE V. 6 Calculation of the Domange Simulator Data 
Gibraltar: Sector 2
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1 0 11 45.5 21 42.6
2 25,0 12 45.1 22 41.1
3 11,1 13 23 40.5
4 12.5 14 46.4 24 39.6
5 32.0 15 44.9 25 39.7
6 36.1 16 44.1 26 39.5
7 40.8 17 45.7 27 39.0
8 46.9 18 45.4 28 38.7
9 45.7 19 44.6 29 38.6
10 45.0 20 44.0 30 37.6
Notes (see p.322)
TABLE V.7 Estimates of the Slope of the Line of Uniform 
Density for the Calculation of the Domange by 
the Slope Method; Sunk Survey Data: Survey 3; 
Sector 3.
where C^ is the cumulative total of ships in the
area bounded by the sector of the circle of outer radius x^ ,
For ^ 1,3 a can be considered to be increasing
For x^ > 1,7 a can be considered to be decreasing
•*. o is stable for 1,4 ^ x^ ^ 1,7
Mean value of a, a = 45,3 
and point C is to be located at x^ ~  1,35 n,miles.
This situation was drawn in Fig, 5,9 where by the method of displaced 
numbers, point C was located at x^ - 0,95 n,miles and a was taken to be 
equal to 44,0, However, the value for the number of ships at x^  = 1,35 
also lies on the line drawn so this is the second point which could be C 
under this method. Thus the slope method provides useful support for 
the results found by the method of displaced numbers.
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Sector 1 1.33 324 .25 77 .056
Sector 2 0.78 519 .37 42 .093
Sector 3 0.45 52 .05 13 .062
Dover Strait
Sector 1 0.82 63 .11 18 .078
Sector 2 0.77 36 .06 16 .061
Sector 3 0.10 8 .01 0.3 .207
Gibraltar
Sector 1 1.49 146 .21 62 .059
Sector 2 1.40 261 .31 76 .064
Sector 3 0.57 27 .05 8 .078
Open Ocean
Sector 1 2.35 225 .20 85 .049
Sector 2 2.35 275 .60 94 .080
Sector 3 0.85 13 .08 5 .122
SUNK DATA
Survey 1
Sector 1 0.47 17 .03 7 .062
Sector 2 0.50 25 .04 8 .072
Sector 3 0.35 23 .01 6 .043
Survey 2
Sector 1 0.87 110 .14 28 .072
Sector 2 0.91 48 .09 23 .063
Sector 3 0.78 129 .11 32 .057
Survey 3
Sector 1 0.71 83 .11 14 .088
Sector 2 0.58 80 .07 15 .069
Sector 3 0.45 37 .02 16 .031
All Surveys
Sector 1 0.85 240 .14 67 .045
Sector 2 0.70 185 .10 46 .045
Sector 3 0.45 303 .10 34 .055
Notes (see p.322)
TABLE V.8 Calculations for the Standard Error of the Domain
Boundary in Different Situations
A: Simulator Data: by Sector and by Type of Sea Area
B: Sunk Data: by Sector and by Sur\"ey
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APPENDIX VI.I
THE KRUSKAL-Wx\LLIS ONE-WAY ANAI-YSIS OF VARIANCE
The Kruskal-Wallis one-way analysis of variance is a test for 
deciding whether K independent samples belong to the same population 
or different populations. In the test all the observations are 
treated as belonging to one large sample and within that large sample 
each observation is replaced by its appropriate rank in ascending order. 
The sum of the ranks for the observations in each of the K individual 




IN(N+1) n. - 3(N+1)
where R. is the sum of the ranks for the j 
3
. th sample




N is the total number of observations i.e. N = n.
Under a null hypothesis that the K population', from which the K samples 
are drawn respectively, are equivalent to one population then H is 
distributed as with k -1 degrees of freedom, provided the are
sufficiently large 6).
Since each observation is replaced by a ranking the test is 
equivalent to testing whether the medians of all the K populations are 
the same. Thus the null hypothesis can be expressed:
X f  -  X 2  -
and the alternative hypothesis can be expressed
X .  ^  X .  for at least one pair of values i,j i = l ..... Kv
 ^  ^ i = l ....
where Xj is the median of the population. The test seems appropriate 
in these circumstances for determining differences in the distributions 
around a central ship, when the central ship takes different values of 
an independent variable. The hypothesis will always be that the 
domanges will vary with different values of the variable but the under­
lying domain shape should not change much. Thus Fig. VI,1 shows a 
typical series of patterns that could arise considering the distribution 
up to 2.5 nautical miles.
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Key: Distribution of ships with central ship having different 
values of the independent variable being considered
-------------  Value 1
X X X X Value 2
o o o o Value 3
Fig. VI.1
Thus the median of each distribution should change if there is any 
fundamental shift in the displacement distribution under different 
values of the independent variable.
Example
The following example shows the calculations necessary for one 
particular set of circumstances. Table VI.1 shows the distributions 
of other ships from the central ship for each of the five categories of 
relative speed used. It refers to the simulator data: Sector 1.
The calculated value of H = 7.04.
Referring this to the distribution with 4 degrees of freedom since 
there are 5 categories, it can be seen at the 5% level that the critical 









COMPARISON OF THE MEAN RELATIVE SPEED FOR THE SHIPS IN THE SIMULATOR 
EXERCISES AND THE SHIPS IN THE SUNK SURVEY
Taking the distributions of relative speed as used in the analysis 
in Chapter 6, the following results were found














It can be shown that the distributions of speed are approximately 
normal and the variances are nearly equal.
Thus to test the null hypothesis
H : the mean relative speeds for the two situationso ,are the s ame
against an alternative hypothesis
the mean relative speeds for the two situations 
are different
with a level of significance 
a = 5%
a parametric test based on the normal distribution can be used.
An estimate of the common variance is 6.2 knots.
12.95 - 11.21
Thus test statistic z = 6• 2 3 /x m LV3124 1853
= 9.89
Critical region is -1.96 ^ z ^ +1.96, thus the result is 
significant.
Taking now a level of significance a = .1% the critical region 
becomes -3.09 < z ^ +3.09. Hence the result is very highly significant.
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APPENDIX VI.V
COMPARISON OF THE DISTRIBUTION OF SHIPS BY SIZE IN THE DOVER STRAIT : 
SIMULATOR EXERCISES AND A SURVEY OF SHIPS IN THE DOVER STRAIT
The survey used for comparison purposes is one of the National 
Physical Laboratory’s surveys of shipping in the Dover Strait off 
Dungeness in 1971^^^^. Distributions of ships by gross registered 
tonnage are given for areas at varying distances from the coast at 
Dungeness. Taking two examples (a) of ships at a distance between
5,6 n,miles and 12,8 n,miles approx, from the coast and (b) of ships 
at a distance of up to 3.1 n.miles and comparing them with (c) the 
distribution of own ships by gross registered tonnage in the Dover 
Strait exercises, the following picture emerges
Less than 10000 g.r.t.
10000 g.r.t. but less than 20000 g.r.t. 
20000 g.r.t. and mere






significant , but (b)
Thus any conclusions using the simulator data subdivided by gross 
registered tonnage are likely to be suitable for the larger ships 
represented but unfortunately there will be no information on the 
smaller ships which in some areas form a considerable part of the 
traffic.
\\
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APPENDIX VI.VI
DISTRIBUTION OF SHIP SIZE BY AREA IN THE SIMULATOR DATA









Less than 10000 gx.t. 5 14 7 26
10000 g.r, t. 116 11 4 131
11000 - 45000 g.r.t. 2 21 7 30
50000 - 100000 g.r.t. 3 9 4 16
Not known 0 2 2 4
All ships 126 57 24 207
Notes (see p.322)
TABLE VI.2 Number of 0\jn Ships in the Simulator Exercises 
Analysed by Area and By Gross Tonnage
Examination of Table VI.2 shows immediately that there is an over 
representation of ships of 10000 g.r.t. in the Open Ocean exercises. 
This was inevitable because this is the standard size of ship used in 
the opening exercises.
It is useful to compare roughly whether there is any difference 
between the other tonnage groups with regard to their distribution over 
the three areas. It was therefore decided to perform a test of 
homogeneity over the modified distribution given below
All
Gross Tonnage Ocean Gibraltar Strait Areas
Less than 10000 g.r.t.
More than 10000 g.r.t.
All ships
This distribution gives the number of ships by area in each of the two 
categories, less than 10000 g.r.t. and more than 10000 g.r.t. Thus the 
categories of not known and 10000 g.r.t. are ignored.
Open Strait of Dover






JOINT-DISTRIBUTION OF SHIP SIZE IN GROSS TONNAGE AND MAXIMUM 
SPEED IN THE SIMULATOR DATA
SIMULATOR DATA - ALL EXERCISES
'^'"■-''-».„.„.^ inaximum speed 
Gross knots 
Tonnage ^
10-14 15 16 17 and Over
All
Ships
Less than 10000 g.r.t. 14 3 2 7 26
10000 g.r.t. 36 1 86 8 131
10000 - 45000 g.r.t. 0 5 7 18 30
50000 - 100000 g.r.t. 0 2 12 2 16
All ships 50 11 107 35 203
Notes (see p.322)
TABLE VI.3 Nutnber of Own Ships in the Simulator Exercises 
by Gross Tonnage and by Maximum Speed in Knots
Table VI.3 gives the details on maximum speed and gross-registered 
tonnage for all the own ships in the simulator data for which both 
details were recorded. There were in fact only four ships which were 
not known.
It was decided to investigate the nature of the statistical 
relationship between the two quantities and hence the Spearman rank 
correlation coefficient'^^'was calculated, A rank correlation 
coefficient was chosen in preference to a parametric product-moment 
correlation coefficient because the groupings were fairly coarse and 
hence numerical values for the midpoints of each class seemed hardly 
justified. It also had the advantage of speed of calculation.
The value calculated was 0,48 which can be shown to be significantly 
different from 0 ât a 5% level of significance. It is thus reasonable 
to conclude that there is a direct relationship between the size of ship 
and its maximum speed for the own ships used in the simulator exercises,
A value of 0,48 is however not very large so the association cannot be
assumed to be very strong.
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APPENDIX VI.VIII
DISTRIBUTION OF LENGTH OF SEA EXPERIENCE OF THE NAVIGATOR 
OF THE CENTRAL SHIP BY AREA IN THE SIMULATOR DATA











6 - 8  years 17 7 6 30
9 - 1 1  years 35 16 4 55
12 - 14 years 9 2 1 12
15 - 19 years 13 5 4 22
20 - 26 years 18 9 2 29
27 - 41 years 22 16 7 45
Not known 12 2 0 14
All ships 126 57 24 207
Notes (see p.322)
TABLE VI.4 Number of Ovm Ships in the Simulator Exercises 
by Area and by Length of Sea-Experience of the 
Navigator
Table VI.4 shows the number of own ships by area and by length of 
sea experience of the navigator. Omitting the not known category and 
considering the rest of the table as a contingency table, a value 
of 8.71 is calculated. With 10 degrees of freedom the critical value 
of at the 5% level is 18.31. Thus it may be concluded that there is 
no significant difference between the representation of experience in 
each of the diffèrent areas.
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APPENDIX VI.IX
COMPARISON OF THE DISTRIBUTIONS BY SECTOR OF ALL OTHER SHIPS WITH
(a) FISHING BOATS AS CENTRE SHIPS AND
(b) ALL OTHER SHIPS EXCEPT FISHING BOATS AS CENTRE SHIPS:
SUNK DATA
The test used will be the Mann-Whitney U test, a non-parametric 
test for determining whether two samples have been drawn from the same 
population, described on page 294.
Let X. , be the mean of the observed distribution of the 1 sunk
distance of ships from a central ship considered up to 2.5 n.miles in
the i*-^  sector for the Sunk survey data. Let n^  ^gynk number of
points in the observed distribution as defined above. Let be
Let X .  , ,1 Fishthe mean of the corresponding theoretical distribution.
n.. . . and u. , be the corresponding quantities for the distributions
1 Fish 1 Fish








1.72 ^1 Fish = 1.58
530 n. Fish = 1041
1.65 ^2 Fish = 1.66
538 ^2 Fish = 97
1.65 ^3 Fish = 1.47
785 ^3 Fish = 89
The sample means are not involved in the determination of significant 
differences between the distributions under the two conditions in each 
of the sectors but are shown here for comparison purposes. The 
inference which is used again is that if the Mann-T-ihitney test shows 
the distributions to be significantly different then their means will 
be significantly different and so will the domanges.




X,Is 1.73 ^IF 1.61
Is 501 ^IF 29
Sector 2
^2s = 1.65 ^2F 1.61
^^ 2s = 503 ^2F 33
Sector 3
^3s = 1.64 ^3F 1.73
^^ 33 = 712 ^3F 73
The results of the tests are as foil
Sector 1






^ s  ^ ^IF
Test statistic z = 0.76
Sector 2






^2s ^ ’"^ 2F
Test statistic z = 0.48
Sector 3
Ho •• ^3s = ^^ 3F
«1
•
• ^3s ^ ^3F
a = 5%
Test statistic z = -1.07 
Acceptance region in each case -1.96 ^  z ^ 1.96
Thus: Sector 1 not significant
Sector 2 not significant
Sector 3 not significant
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APPENDIX VI.X
COMPARISON OF THE DISTRIBUTION OF BUOYS WHEN (a) NO EXCLUSIONS 
ARE MADE FOR THE CENTRAL SHIP AND (b) ALL SHIPS NEAR THE PILOT, 
IN THE CHANNEL OR FISHING ARE EXCLUDED AS THE CENTRAL SHIP
If all sectors are considered together, then the numbers of buoy- 
points within increasing iriile ranges of the central ship, when the 
central ship falls into each of the two categories defined above are 
as follows:
Central Ship with
No. of Buoy-points (a) No exclusions (b) Exclusions
Within 1 n.mile 197 22
1 n.mile but under 2 n.miles 370 94
2 n.miles but under 3 n.miles 453 133
3 n.miles but under 4 n.miles 472 134
4 n.miles but under 5 n.miles 514 135
Total 2006 518
Since distribution (b) is a subset of distribution (a) it would be 
more sensible to compare distribution (b) with distribution (a) - 
distribution (b). Thus a new table can be drawn up
(a)-(b) Ships near the 
pilot boat, the pilot boat.
(b)
No of Buoy-points
fishing boats and ships in 
the channel or at the edge 




Within 1 n.mile 175 22
1 n.mile but under 2 n.miles 276 94
2 n.miles but under 3 n.miles 320 133
3 n.miles but under 4 n.miles 338 134
4 n.miles but under 5 n.miles 379 135
Total 1488 518
Performing a test of homogeneity a value of “ 26.74 is obtained. 
Since the appropriate critical value at a .1% level of significance is 
18.47, this result is very highly significant. The largest differences 
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-  3 0 7  -
A P P E N D I X  V I I I
N o t e s  o n  t h e  C o m p u t e r  P r o g r a m  U s e d
1 ,  B a s i c  p r o g r a m  f o r  t h e  s i m u l a t o r  d a t a  t o  s o r t  o u t  b e a r i n g s  a n d  
d i s t a n c e s  b y  s e p a r a t e  e x e r c i s e s  a n d  b y  a l l  e x e r c i s e s  c o m b i n e d .
MASTER 
REAL NO
DIMENSION N(50,3),V(10,15),00(10,15),NO(25,15),D(25,15) , 
B(25,15), E (3),C(3) ,S(3)^NN(50,3,20)
DO 11 1=1,50 
DO 11 J=l,3
11 N(I,J)=0
DO 12 1=1,50 















13 DO 3 L=1,IL
DO 3 K=l,ITIME 
IF(D(L,K).GT.5.)GO TO 3 
D(L,K)=D(L,K)*10.
I=INT(D(L,K))
5 IF(B(L,K).GE.O..AND.B(L,K) .LT.112.5)00 TO 6 
IF(B(L,K).GE.112.5.AND.B(L,K).LT.247.5)GO TO 8 












DO 20 IE=1,20 







-  3 0 8
D O  3 0  J = l , 3  
DO 3 0  I E = 1 , 2 0
3 0  N ( I , J ) = N N ( I , J , I E ) + N ( I , J )
DO 3 1  J = l , 3
W R I T E ( 6 , 9 8 7 )  J
9 8 7  F O R M A T ( I H  , 1 2 H T 0 T A L  S E C T O R , 2 X , I I )
3 1  W R I T E ( 6 , 9 8 8 ) ( N ( I , J ) , I = 1 , 5 0 )
S T O P
E N D
2 .  M o d i f i c a t i o n  t o  b a s i c  p r o g r a m  f o r  t h e  s i m u l a r  d a t a  o m i t t i n g  t h e  
1 s t  2 t i m e  p o i n t s .
C h a n g e  s t a t e m e n t  2 4  t o  r e a d
2 4  D O  3  K = 3 ,  I T I M E
3 ,  M o d i f i e d  P r o g r a m  f o r  t h e  S u n k  s u r v e y  d a t a  t o  c a l c u l a t e  a n d  s o r t  
o u t  b e a r i n g s  a n d  d i s t a n c e s
M A S T E R  1
:  S U N K  S U R V E Y  D A T A  2
E  I S  N U M B E R , !  I S  T I M E . P  I S  P O S I T I O N , B L  I S  L E N G T H  B P ,  3
: C I S  G R O S S  T O N N A G E  4
1 M  I S  N U M B E R  O F  O B S E R V A T I O N S  5
D I M E N S I O N  N ( 5 0 , 3 )  , F ( 5 0 )  , D E ( 5 0 , 3 ) , E ( 3 0 0 ) , X A ( 3 0 0 ) , Y A ( 3 0 0 ) , X B ( 3 G O ) , Y B ( 3 0 0 ) ,  6 
T  (  3 0 0 )  ,  C (  3 0 0 )  ,  P  (  3 0 0 )  ,  B L ( 3 0 0 ) , N N ( 5 0 , 3 , 1 0 )  ,  S N E  ( 5 0 , 3 )  ,  S N V ( 5 0 , 3 )  , S N W  
( 5 0 , 3 )  , N C U M ( 5 0 , 3 )  , S N W C U M ( 5 0 , 3 )  , T 0 T ( 5 0 , 3 )  , S L 0 ( 5 0 , 3 )  ,  I S I G N ( 5 0 , 3 )
R E A D  ( 1 , 9 9 7 )  I S U R \ T : Y  7
9 9 7  F O R ^ L A T ( I l )  8
R E A D  ( 1 , 9 9 0 ) I H 0 U R S  9
9 9 0  F O R M A T ( 1 2 )  1 0
W R I T E ( 6 , 9 9 6 ) I S U R V E Y , I H O U R S  1 1
9 9 6  F O R M A T ( 2 1 2 )  1 2
DO 2  J = l , 3  1 3
DO 2  1 = 1 , 5 0  1 4
2  N ( I , J ) = 0  1 5
DO 1 3  K K = 1 , I H 0 U R S  1 6
R E A D ( 1 , 9 9 9 ) M  1 7
9 9 9  F O R M A T U 5 )  1 8
D O  1  1 = 1 , M 1 9
1  R E A D  ( 1 , 9 9 8 ) E ( I ) , X A ( I ) , X B ( I ) , Y B ( I ) , T ( I ) , P ( I ) , B L ( I ) , C ( I )  2 0
9 9 8  F 0 R M A T ( 9 F 0 . 0 )  2 1
D O  3  1 = 1 , M  2 2
I F ( Y A ( I ) * Y A ( I ) + X A ( I ) * X A ( I ) . G T , 9 . )  GO T 0 3  2 3
I F ( C ( I ) . E Q . 9 . , 0 R . C ( I ) . E Q . 8 . )  GO T O  3  2 4
I F ( P ( I ) . N E . O . )  GO T O  3  2 5
DO 9  J = 1 , M  2 6
I F ( E ( I ) . E Q . E ( J ) . 0 R . T ( I ) . N E . T ( J ) )  GO T O  9  2 7
X A R = X A ( J ) - X A ( I )  2 8
Y A R = Y A ( J ) - Y A ( I )  2 9
X A C = X B ( I ) - X A ( I )  3 0
Y A C = Y B ( I ) - Y A ( I )  3 1
Y A R V = Y B ( J ) - Y A ( J ) - Y B ( I ) + Y A ( I )  3 2
X A R V = X B ( J ) - X A ( J ) - X B ( I ) + X A ( I )  3 3
C A L L  R E L V E L S U N K ( R , B , X A R , Y A R )  3 4
I F ( R . G E . 5 0 . )  GO T O  9  3 5
-  3 0 9  -
C A L L  R E L V E L S U N K ( R R . R C , X A C , Y A C )
B = R C - B
I F ( B . L T . 0 . ) B = 3 6 0 . + B  
C A L L  C O U N T ( F , F A , N , R , B )
9  C O N T I N U E  
3  C O N T I N U E  
1 3  C O N T I N U E
W R I T E ( 6 , 9 9 1 ) ( ( N ( I , J ) , 1 = 1 , 5 0 ) , J = 1 , 3 )
9 9 1  F 0 R M A T ( 2 5 I 3 / 2 5 I 3 )
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N ,  N C U M ,  S N W ,  S N W C U M )
C A L L  D O M A IN  ( S N W ,  S N I^ C U M ,  T O T ,  S L O ,  I S  I G N , N C U M )
S T O P
E N D
S U B R O U T I N E  R E L V E L S U N K ( R , B , X , Y )
R = ( S Q R T ( X * * 2 + Y * * 2 ) ) * 1 0 .
I F ( X . N E . O . ) C X )  T O  2
I F ( Y ) 3 , 4 , 5
B = 2 7 0
GO T O  6
B = 9 0 .
GO T O  6 
B = 9 0 .
GO T O  6
B = ( A T A N ( Y / X ) ) * 5 7 . 3
I F ( X . L E . 0 . ) B = 1 8 0 . + B
I F ( X . G T . 0 , . A N D . Y . L T . 0 . ) B = 3 6 0 . + B
R E T U R N
E N D
S U B R O U T I N E  C O U N T ( F , F A , N , R , B )
C O U N T S  I N T O  S E C T O R S  5  M I L E S  B Y  T E N T H S  
D I M E N S I O N  N ( 5 0 , 3 )  , F ( 5 0 )
I = I N T ( R )
1= 1+1
3  I F ( B . G E . O . . A N D . B . L T . 1 1 2 . 5 )  GO T O  5  
I F ( B . G E . 1 1 2 . 5 . A N D . B . L T . 2 4 7 . 5 )  GO T O  7 
I F ( B . G E . 2 4 7 . 5 . A N D . B . L T . 3 6 0 . )  GO T O  6 
I F ( B . E Q . 3 6 0 . )  GO T O  5
5  N ( I , 1 ) = N ( I , 1 ) + 1  
GO T O  4
6 N ( I , 2 ) = N ( I , 2 ) + 1  
GO T O  4
7  N ( I , 3 ) = N ( I , 3 ) + 1
4  R E T U R N  
E N D
N . B . ( l )  F o r  t h e  r e l e v a n c e  o f  s t a t e m e n t s  4 5 - 4 7  s e e  n o t e  4  b e l o w .
( 2 )  T h e  b a s i c  p r o g r a m  f o r  t h e  S u n k  s u r v e y  d a t a  w i t h  n o
e x c l u s i o n s  a s  c e n t r a l  s h i p  o m i t s  s t a t e m e n t s  2 3 , 2 4 , 2 5 .

-  3 1 1  -
S U B R O U T I N E  D O M A I N ( S N W , S N W C U M , T O T , S L O , I S I G N , N C U M )  
D I M E N S I O N  S N W ( 5 0 , 3 ) , S N W C U M ( 5 0 , 3 ) , T O T ( 5 0 , 3 ) , S L O ( 5 0 , 3 ) ,  
I S I G N ( 5 0 , 3 )  , N C U M ( 5 0 , 3 0 )





IF(TOT(I,J).LT.SNWCUM(I,J)) GO TO 2 

























5 .  S i m u l a t o r  d a t a :  p r o g r a m  t o  c a l c u l a t e  r e l a t i v e  v e l o c i t i e s  a n d  
p r o d u c e  t h e  d i s t r i b u t i o n s  b y  d i f f e r e n t  r a n g e s  o f  r e l a t i v e  v e l o c i t y
M A S T E R  
R E A L  NO
D I M E N S I O N  N ( 5 0 , 3 ) , V ( 1 0 , 1 5 ) , C 0 ( 1 0 , 1 5 ) , C 0 R ( 1 0 , 1 5 )  , H V ( 1 0 , 1 5 )  
W ( 1 0 , 1 5 ) , X ( 1 5 )  , Y ( 1 5 )  , R V ( 2 5 , 1 5 )  , R C O R ( 2 5 , 1 5 )  , N O ( 2 5 , 1 5 )  , D (  
2 5 , 1 5 )  , B ( 2 5 , 1 5 )  , E ( 3 )  , R E  ( 2 5 ) C ( 3 )  , R C ( 2 5 )  , S
( 3 )  , R S ( 2 5 ) , N N ( 5 0 , 3 , 2 0 )  , S N E ( 5 0 , 3 )  , S N V ( 5 0 , 3 )  , S N W ( 5 0 , 3 )  ,N C U M  
( 5 0 , 3 ) , S N W C U M ( 5 0 , 3 )  , T O T ( 5 0 , 3 )  , S L O ( 5 0 , 3 )  , I S I G N ( 5 0 , 3 )
DO 1 1  1 = 1 , 5 0  
DO 1 1  J = l , 3
1 1  N ( I , J ) = 0
DO 1 2  1 = 1 , 5 0  
DO 1 2  J = l , 3  
DO 1 2  K = l , 2 0
1 2  N N ( I , J , K ) = 0  
DO 5 0  M = l , 4 1
R E A D ( 1 , 9 9 8 )  I C , I E  , I T I M E  , I O , I T , I L  
9 9 8  F O R M A T ( 6 1 0 )
I N = I O + I T
R E A D ( 1 , 9 9 7 ) ( ( V ( I , J )  , C O ( I , J )  , J = 1 , I T I M E )  , 1 = 1  , I N )
9 9 7  F O R M A T ( 2 4 0 F 0 . 0 )
-  3 1 2  -
R E A D ( 1 , 9 9 9 ) ( E ( I ) , C ( I ) , S ( I ) , I = 1 , I 0 )
9 9 9  F O R M A T ( 9 F 0 . 0 )
R E A D ( 1 , 9 9 4 )  ( ( N O ( L , J ) , D ( L , J )  , B ( L , J )  , J = 1 , I T I M E )  , L = 1 , I L )  
9 9 4  F O R M A T ( 7 2 0 F 0 . 0 )
W R I T E ( 6 , 9 7 8 )  I C , I E , I T I M E , 1 0 , I L  
9 7 8  F O R M A T ( I H  , 6 1 5 )
I F ( I E . L T . 7 )  GO T O  1 4
DO 2  1 = 1 , I N
DO 2  J = 1 , I T I M E
COR(I,J)=CO(I,J)*.0175
H V ( I , J ) = V ( I , J ) * œ S ( C O R ( I , J ) )
2  W ( I , J ) = V ( I , J ) * S I N ( C O R ( I , J ) )
D 0 4  J = 1 , I T I M E  
X ( J ) = H V ( 2 , J ) - H V ( 1 , J )
4  Y ( J ) = W ( 2 , J ) - W ( 1 , J )
1=1
C A L L  R E L V £ L ( R V , R C 0 R , I , I T I M E , X , Y )
DO 2 5  J = 1 , I T I M E  
2 5  R V ( 2 , J ) = R V ( 1 , J )
DO 2 1  J = 1 , I T I M E  
X ( J ) = H V ( 3 , J ) - H V ( 1 , J )
2 1  Y ( J ) = W ( 3 , J ) - W ( I , J )
1 = 3
C A L L  R E L V E L ( R V , R C 0 R , I , I T I M E , X , Y )
DO 2 2  J = 1 , I T I M E
2 2  R V ( 4 , J ) = R V ( 3 , J )
1 = 5
DO 2 3  J = 1 , I T I M E  
X ( J ) = H V ( 3 , J ) - H V ( 2 , J )
2 3  Y ( J ) = W ( 3 , J ) - W ( 2 , J )
C A L L  r e l v e l ( r v , r c o r , i , i t i m e , y , Y )
DO 2 4  J = 1 , I T I M E
2 4  R V ( 6 , J ) = R V ( 5 , J )
1 4  DO 1 0  K = 1 , I 0  
I P = I 0 + 1
DO 1 0  I = I P , I N  
L = I - I 0 + 6 + ( K - 1 ) * I T  
I F ( I E . L T . 7 )  L = L -6  
DO 1 5  J = 1 , I T 1 M E  
X ( J ) = H V ( I , J ) - H V ( K , J )
1 5  Y ( J ) = V V ( I , J ) - W ( K , J ) ;
C A L L  R E L V E L ( R V , R C 0 R , L , I T I M E , X , Y )
1 0  C O N T I N U E  
1 3  DO 3  L = 1 , I L  
DO 3  K = 3 , I T I M E  
I V = I N T ( R V ( L , K ) / 5 ) + l  
I F ( I F . G E . 6 ) I V =6 
I F ( D ( L , K ) . G T . 5 . ) G 0  t o  3  
D ( L , K ) = D ( L , K ) * 1 0 .
I = I N T ( D ( L , K ) )
I F ( B ( L , K ) . G E . O . . A N D . B ( L , K ) . L T . 1 1 2 . 5 ) G O  T O  6 
I F ( B ( L , K ) . G E . 1 1 2 . 5 . A N D . B ( L , K ) . L T . 2 4 7 . 5 ) G O  T O  8 
I F ( B ( L , K ) . G E . 2 4 7 . 5 . A N D . B à , K ) . L T . 3 6 0 . ) G 0  T O  7 
I F ( B ( L , K ) . E Q . 3 6 0 . ) G 0  T O  6 
W R I T E ( 6 , 9 7 5 )  N O ( L  , K )  , D ( L , K )  , B  ( L  , K )
9 7 5  F O R Í Í A T d H  , F 1 2 . 0 , 2 F 4 . 0 )
GO T O  3
6 N N ( I , 1 , I V ) = N N ( I , 1 , I V ) + 1  
GO T O  3
-  3 1 3  -
7  N N ( I , 2 , I V ) = N N ( I , 2 , I V ) + 1  
GO T O  3
8 N N ( I , 3 , I V ) = N N ( I , 3 , I V ) + 1  
3  C O N T I N U E
5 0  C O N T I N U E  
DO 2 0  I V = 1 , 6  
DO 2 0  J = l , 3  
W R I T E ( 6 , 9 8 9 ) I V , J
9 8 9  F O R M A T ( I H  , 1 7 H R E L A T I V E  V E L O C I T Y , 2 X , 1 2 , 2 X , 6 H S E C T O R , 2 X , I I )  
W R I T E ( 6 , 9 8 8 ) ( N N ( I , J , I V ) , 1 = 1 , 5 0 )
9 8 8  F O R M A T ( 2 5 I 3 / 2 5 I 3 )
2 0  C O N T I N U E  
DO 3 0  1 = 1 , 5 0  
DO 3 0  J = l , 3  
D O  3 0  I V = 1 , 6
3 0  N ( I , J ) = N N ( I , J , I V ) + N ( I , J )
DO 3 1  J = l , 3
W R I T E ( 6 , 9 8 7 )  J
9 8 7  F O R M A T ( I H  , 1 2 H T 0 T A L  S E C T O R , 2 X , I I )  
W T I I T E ( 6 , 9 4 0 ) ( N ( I , J ) , I = 1 , 5 0 )
9 4 0  F 0 R M A T ( 2 5 I 3 / 2 5 I 3 )
3 1  C O N T I N U E  
W R I T E ( 6 , 9 6 9 )
9 6 9  F O R M A T ( I H  , 2 2 H A L L  E X E R C I S E S  S M O O T H E D )
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N  , N C U M ,  S N W ,  S N W C U M )
DO 4 0  I V = 1 , 6  
DO 4 1  1 = 1 , 5 0  
DO 4 1  J = l , 3  
4 1  N ( I , J ) = N N ( I , J , I V )
W R I T E ( 6 , 9 5 0 )  I V  
9 5 0  F O R M A T ( I H  , 5 H C L A S S , 2 X , I 2  
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N  , N C L T - I ,  S N W ,  S N W C U M )
C A L L  D O M A IN  ( S N W ,  S N W C U M , T O T  , S L O  , I S I G N  , N C U M )
4 0  C O N T I N U E  
S T O P  
E N D
S U B R O U T I N E  R E L V E L ( R V , R C O R , I , I T I M E , X , Y )
D i r - E N S I O N  R V ( 2 5 , 1 5 , R C O R ( 2 5 , 1 5 )
D I M E N S I O N  X ( 1 5 ) , Y ( 1 5 )
DO 6 J = l , I T I M E
R V ( I , J )  =  ( S Q R T  ( X ( J ) * * 2 + Y ( J ) * * 2 ) )
I F ( X ( J ) . N E . O . )  GO T O  2
I F ( Y ( J ) ) 3 , 4 , 5
R C O R  ( I ,  J )  = 2  7 0 .
GO T O  6 
R C 0 R ( I , J ) = 9 0 .
GO T O  6 
R C O R  ( I ,  J )  = 9 0 .
GO T O  6
R C O R ( I , J ) = ( A T A N ( Y ( J ) / X ( J ) ) ) * 5 7 . 3
I F ( X ( J ) . L T . O . ) R C 0 R ( I , J ) = 1 8 0 . + R C 0 R ( I , J )
I F ( X ( J ) . G T . O . . A N D . Y ( J ) , L T . 0 . ) R C 0 R ( I , J ) = 3 6 0 . + R C 0 R ( I , J )
C O N T I N U E
R E T U R N
E N D
-  3 1 4  -
6 .  S u n k  s u r v e y  d a t a :  p r o g r a m  t o  c a l c u l a t e  r e l a t i v e  v e l o c i t i e s  a n d  
p r o d u c e  t h e  d i s t r i b u t i o n s  b y  d i f f e r e n t  r a n g e s  o f  r e l a t i v e  v e l o c i t y
M A S T E R  I
C S U N K  S U R V E Y  D A T A  2
C E  I S  N U M B E R , T  I S  T I M E . P  I S  P O S I T I O N , B L  I S  L E N G T H  B P ,  3
C C I S  G R O S S  T O N N A G E  4
C M  I S  N U M B E R  O F  O B S E R V A T I O N S  5
D I M E N S I O N  N ( 5 0 , 3 ) , B L ( 3 0 0 ) , E ( 3 0 0 ) , X A ( 3 0 0 ) , Y A ( 3 0 0 ) ,  6
X B ( 3 0 0 ) , Y B ( 3 0 0 )  , T ( 3 0 0 )  , C ( 3 0 0 )  , P ( 3 0 0 ) , N N ( 5 0 , 3 , 1 0 )  , S N E  ( 5 0 , 3 )  , 
S N V ( 5 0 , 3 )  , S N W ( 5 0 , 3 )  , N C U M ( 5 0 , 3 )  , S N W C U M ( 5 0 , 3 )  , T O T ( 5 0 , 3 )  ,  
S L 0 ( 5 0 , 3 ) , I S I G N ( 5 0 , 3 )
D O  2  J = l , 3  7
DO 2  1 = 1 , 5 0  8
2  N ( I , J ) = 0  9
D O  4  1 = 1 , 5 0  10
DO 4  J = l , 3  1 1
DO 4  L = l , 1 0  12
4  N N ( I , J , L ) = 0  1 3
R E A D ( 1 , 9 9 7 )  I S U R V E Y  14
9 9 7  F O R M A T ( I I )  1 5
R E A D ( 1 , 9 9 0 ) I H 0 U R S  1 6
9 9 0  F O R M A T ( 1 2 )  I 7
W R I T E ( 6 , 9 9 6 ) I S U R V E Y , I H O U R S  1 8
9 9 6  F O R M A T ( 2 1 2 )  I 9
DO 1 3  K = l , I H O U R S  2 0
R E A D ( 1 , 9 9 9 ) M  2 1
9 9 9  F 0 R M A T ( I 5 )  2 2
DO 1 1 = 1 , M  2 3
1 R E A D  ( 1 , 9 9 8 ) E ( I ) , X A ( I ) , Y A ( I ) , S B ( I ) , Y B ( I ) , T ( I ) , P ( I ) , B L ( I ) ,  2 4
C ( I )
9 9 8  F O R M A T ( 9 F 0 . 0 )  2 5
DO 3  1 = 1 ,M  2 6
I F ( Y A ( I ) * Y A ( I ) + X A ( I ) * X A ( I ) . G T . 9 . )  GO T O  3  2 7
I F ( C ( I ) . E Q . 9 . . 0 R . C ( I ) . E Q . 8 . )  GO T O  3  2 8
I F ( P ( I ) . N E . O . )  GO T O  3  2 9
DO 9  J = 1 , M  3 0
I F ( E ( I ) . E Q . E ( J ) . O R . T ( I ) . N E . T ( J ) )  GO T O  9  3 1
X A R = X A ( J ) - X A ( I )  3 2
Y A R = Y A ( J ) - Y A ( I )  33
X A C = X B ( I ) - X A ( I )  34
Y A C = Y B ( I ) - Y A ( I )  35
X A R V = X B ( J ) - X A ( J ) - X B ( I ) + X A ( I )  3 6
Y A R V = Y B ( J ) - Y A ( J ) - Y B ( I ) + Y A ( I )  3 7
C A L L  R E L V E L S U N K ( R , B , X A R , Y A R )  3 8
I F ( R . G T . 5 0 . )  GO T O  9  3 8
C A L L  R E L V E L S L T N K ( R R , R C , X A C , Y A C )  4 0
B = R C - B  4 1
I F ( B . L T . 0 . ) B = 3 6 0 . + B  4 2
C A L L  C O U N T ( F , F A , N , R , B )  4 3
I F ( B . G E . O . . A N D . B . L T . 1 1 2 . 5 )  J N = 1  4 4
C A L L  R E L V E L S U N K ( R V , R C O R , X A R V , Y A R V )  4 5
L N = I N T ( R V / 5 . ) + l  4 6
I F ( B . G E . 1 1 2 . 5 . A N D . B . L T . 2 4 7 . 5 )  J N = 3  4 7
I F ( B . G E . 2 4 7 . 5 . A N D . B . L E . 3 6 0 . )  J N = 2  4 8
I N = I N T ( R ) + 1  4 9
N N ( I N , J N , L N ) = N N ( I N , J N , L N ) + 1  5 0
9  C O N T I N U E  5 1
3  C O N T I N U E  5 2
1 3  C O N T I N U E  5 3
-  3 1 5  -
W R I T E ( 6 , 9 9 1 ) ( ( N ( I , J ) , 1 = 1 , 5 0 ) , J = 1 , 3 )
9 9 1  F O R M A T ( 2 5 1 3 / 2 5 1 3 )
DO 5  L N = 1 , 1 0
DO 5  J N = 1 , 3
W R I T E ( 6 , 9 8 3 ) L N , J N
9 8 3  F O R M A T ( I H  , 5 H S P E E D , 2 X , I 2 , 2 X , 6 H S E C T 0 R , 2 X , I 1 )  
W R I T E ( 6 , 9 8 6 ) ( N N ( I N , J N , L N ) , I N = I , 5 0 )
9 8 6  F O R M A T ( 2 5 1 3 / 2 5 1 3 )
5  C O N T I N U E
W R I T E ( 6 , 9 8 2 )  L N  
9 8 2  F O R M A T ( I H  , 5 H S P E E D , 2 X , I 2 )
DO 7  L N = 1 , 1 0
DO 8 J N = 1 , 3
DO 8 I N = 1 , 5 0
N  ( I N  ,  J N  )  = N N  ( I N  ,  J N  , L N  )
8 C O N T I N U E
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N , N C U M , S N W , S N W C U M )
C A L L  D O M A I N ( S N W , S N W C U M , T O T , S L O , I S I G N , N C U M )
7  C O N T I N U E  
S T O P  
E N D
7 .  S i m u l a t o r  d a t a :  p r o g r a m  t o  p r o d u c e  d i s t r i b u t i o n s  b y  o t h e r  v a r i a b l e s  
f o r  t h e  c e n t r a l  s h i p .
T h e  m a i n  d i f f e r e n c e  b e t w e e n  t h i s  a n d  t h e  r e l a t i v e  v e l o c i t y  p r o g r a m  
f o r  t h e  s i m u l a t o r  d a t a  i s  t h a t  t h e  g r o s s  t o n n a g e s  h a v e  t o  b e  a s s i g n e d  
c o r r e c t l y  t o  e a c h  e n c o u n t e r  b u t  n o  c a l c u l a t i o n s  h a v e  t o  b e  m a d e .  T h i s  
c a n  b e  d o n e  b y  o m i t t i n g  s t a t e m e n t s  2 4 “ 5 9  a n d  s u b s t i t u t i n g  t h e  f o l l o w i n g  
s t a t e m e n t s
R C ( 1 ) = C ( 1 ) 2 4 ’
R C ( 2 ) = C ( 2 ) 2 5 '
R C ( 3 ) = C ( 1 ) 2 6 ’
R C ( 4 ) = C ( 3 ) 2 7 ’
R C ( 5 ) = C ( 2 ) 2 8 ’
R C ( 6 ) = C ( 3 ) 2 9 ’
DO 1 5  J = 1 , I T 3 0 ’
I = 6+ J 3 1 ’
1 5 R C ( I ) = C ( 1 ) 3 2 ’
DO 1 6  J = 1 , I T 3 3 ’
I » 6 + I T + J 3 4 ’
1 6 R C ( I ) = C ( 2 ) 3 5 ’
DO 1 7  J = 1 , I T 3 6 ’
I = 6 + 2 * I T + J 3 7 ’
1 7 R C ( I ) = C ( 3 ) 3 8 ’
GO T O  1 3 3 9 ’
1 4 DO 1 8  1 = 1 , I T 4 0 '
1 8 R C ( I ) = C ( 1 ) 4 1 ’
DO 1 9  1 = 1 , I T 4 2 ’
I = I + I T 4 3 '
1 9 R C ( I ) = C ( 2 ) 4 4 '
DO 2 1  1 = 1 , I T 4 5 '
I = 2 * I T + I 4 6 '
21 R C ( I ) = C ( 3 ) 4 7 '
-  3 1 5  -
W R I T E  ( 6 , 9 9 1 )  ( ( N  ( I ,  J )  , 1 = 1 , 5 0 )  , J = 1 , 3 )
9 9 1  F O R M A T ( 2 5 1 3 / 2 5 1 3 )
DO 5  L N = 1 , 1 0
DO 5  J N = 1 , 3
W R I T E ( 6 , 9 8 3 ) L N , J N
9 8 3  F O R M A T  ( I H  , 5 H S P E E D , 2 X , I 2  , 2 X , 6 H S E C T 0 R , 2 X , I 1 )  
W R I T E ( 6 , 9 8 6 )  ( N N ( I N , J N , L N )  , I N = 1 , 5 0 )
9 8 6  F O R M A T ( 2 5 1 3 / 2 5 1 3 )
5  C O N T I N U E
W R I T E ( 6 , 9 8 2 )  L N  
9 8 2  F O R M A T ( I H  , 5 H S P E E D , 2 X , I 2 )
DO 7  L N = 1 , 1 0
DO 8 J N = 1 , 3
DO 8 I N = 1 , 5 0
N  ( I N  ,  J N )  = N N  ( I N  ,  J N  , L N  )
8 C O N T I N U E
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N ,  N C U M ,  S N W ,  S N W C U M )
C A L L  D O M A IN  ( S N W , S N W C U M , T O T , S L O  , I S I Q i  , N C U M )
7  C O N T I N U E  
S T O P  
E N D
7 .  S i m u l a t o r  d a t a :  p r o g r a m  t o  p r o d u c e  d i s t r i b u t i o n s  b y  o t h e r  v a r i a b l e s  
f o r  t h e  c e n t r a l  s h i p .
T h e  m a i n  d i f f e r e n c e  b e t w e e n  t h i s  a n d  t h e  r e l a t i v e  v e l o c i t y  p r o g r a m  
f o r  t h e  s i m u l a t o r  d a t a  i s  t h a t  t h e  g r o s s  t o n n a g e s  h a v e  t o  b e  a s s i g n e d  
c o r r e c t l y  t o  e a c h  e n c o u n t e r  b u t  n o  c a l c u l a t i o n s  h a v e  t o  b e  m a d e .  T h i s  
c a n  b e  d o n e  b y  o m i t t i n g  s t a t e m e n t s  2 4 - 5 9  a n d  s u b s t i t u t i n g  t h e  f o l l o w i n g  
s t a t e m e n t s
R C ( 1 ) = C ( 1 ) 2 4 '
R C ( 2 ) = C ( 2 ) 2 5 '
R C ( 3 ) = C ( 1 ) 2 6 '
R C ( 4 ) = C ( 3 ) 2 7 '
R C ( 5 ) = C ( 2 ) 2 8 '
R C ( 6 ) = C ( 3 ) 2 9 '
DO 1 5  J - 1 , I T 3 0 '
I = 6+ J 3 1 '
1 5 R C ( I ) = C ( 1 ) 3 2 '
DO 1 6  J = 1 , I T 3 3 '
I » 6 + I T + J 3 4 '
1 6 R C ( I ) = C ( 2 ) 3 5 '
DO 1 7  J = 1 , I T 3 6 '
I = 6 + 2 * I T + J 3 7 '
1 7 R C ( I ) = C ( 3 ) 3 8 '
GO T O  1 3  . 3 9 '
1 4 DO 1 8  1 = 1 , I T 4 0 '
1 8 R C ( I ) - C ( 1 ) 4 1 ’
DO 1 9  1 = 1 , I T 4 2 '
I = I + I T 4 3 '
1 9 R C ( I ) = C ( 2 ) 4 4 ’
DO 2 1  1 = 1 , I T 4 5 ’
I = 2 * I T + I 4 6 ’
21 R C ( I ) = C ( 3 ) 4 7 '
-  3 1 6  -
T h e  n u m b e r i n g  o f  t h e  c l a s s e s  o f  g r o s s  t o n n a g e  c a n n o t  b e  d o n e  s o  s i m p l y  
a s  i n  s t a t e m e n t  6 2  b u t  m u s t  b e  i d e n t i f i e d  a c c o r d i n g  t o  t h e  a p p r o p r i a t e  
t o n n a g e  d i v i s i o n s :
e . g .  C l a s s  3  a l l  t o n n a g e  b e t w e e n  4 0 0 0  a n d  9 0 0 0  g . r . t .
O t h e r w i s e  o n l y  m i n o r  c h a n g e s  a r e  n e e d e d  i n  c a s e  t h e r e  a r e  m o r e  s u b ­
d i v i s i o n s  o f  t h e  v a r i a b l e  a n d  s o  t h a t  t h e  c o r r e c t  f o r m a t s  a p p e a r .
T h e  p r o g r a m s  f o r  d i s t r i b u t i o n s  b y  m a x i m u m  s p e e d  a n d  e x p e r i e n c e  
c a n  s i m i l a r l y  b e  f o r m e d ,  c h a n g i n g  C t o  S  a n d  t h e n  t o  E  r e s p e c t i v e l y ,  
m a k i n g  a n y  d i m e n s i o n a l  c h a n g e s  n e c e s s a r y .
8 .  S u n k  s u r v e y  d a t a ;  p r o g r a m s  t o  p r o d u c e  d i s t r i b u t i o n s  b y  o t h e r  
v a r i a b l e s  f o r  t h e  c e n t r a l  s h i p .
T h e  S u n k  p r o g r a m s  c a n  b e  a d a p t e d  i n  a  s i m i l a r  m a n n e r  a s  t h e  s i m u l a t o r  
p r o g r a m s  w e r e  f r o m  t h e  r e l a t i v e  v e l o c i t y  o n e .  T h i s  a p p l i e s  t o  g r o s s  
t o n n a g e  a n d  l e n g t h .
T h e  f i s h i n g  v e s s e l  a n d  c h a n n e l  p r o g r a m s  c a n  b e  o b t a i n e d  e a s i l y  
f r o m  t h e  b a s i c  p r o g r a m  b y  c h a n g i n g  t h e  e x c l u s i o n s  f o r  t h e  c e n t r a l  s h i p .
9 .  S u n k  s u r v e y  d a t a :  p r o g r a m  t o  c a l c u l a t e  t h e  d i s t r i b u t i o n s  o f  
s h i p s  a r o u n d  b u o y s .
C P R O G R A M  T O  C O M P U T E  D O M A IN  W R T  B U O Y S  
D I M E N S I O N  ( N ( 5 0 , 3 )
D I M E N S I O N  E ( 3 0 0 ) , X A ( 3 0 0 , Y A ( 3 0 0 ) , X B ( 3 0 0 ) , Y B ( 3 0 0 ) , T ( 3 0 0 ) ,
C ( 3 0 0 )  , P ( 3 0 0 )  , B L ( 3 0 0 )
D I M E N S I O N  S N E ( 5 0 , 3 )  , S N V ( 5 0 , 3 )  , S N W ( 5 0 , 3 )  , N C U > i ( 5 0 , 3 )  , S N W C U M ( 5 0 , 3 )  
D I M E N S I O N  T O T ( 5 0 , 3 ) , S L O ( 5 0 , 3 ) , I S I G N ( 5 0 , 3 )
D I M E N S I O N  E B ( I O ) , X C ( 1 0 ) , Y C ( 1 0 )
DO 2  J = l , 3  
DO 2  1 = 1 , 5 0  
2  N ( I , J ) = 0
r e a d  ( 1 , 9 9 7 )  I S U R V E Y
9 9 7  F O R M A T ( I I )
R E A D ( 1 , 9 9 0 ) I H 0 U R S
9 9 0  F O R M A T  U 2 )
W R I T E ( 6 , 9 9 6 ) I S U R V E Y , I H O U R S  
9 9 6  F O R M A T ( 2 1 2 )
DO 1 J = l , 1 0
1 R E A D ( 1 , 9 9 5 ) E B ( J ) , X C , ( J ) , Y C ( J )
DO 1 3  K = l , I H O U R S  
9 9 5  F O R M A T ( 3 F 0 . 0 )
R E A D ( 1 , 9 9 9 ) M  
9 9 9  F O R M A T  U 5 )
DO 3  1 = 1 ,  M
R E A D  ( 1 , 9 9 8 ) E ( I )  , X A ( I )  , Y A ( I )  , X B ( I )  , Y B  ( I )  , T ( I )  , P ( I )  , B L ( I ) , C ( I )
9 9 8  F O R M A T ( 9 F 0 . 0 )
-  3 1 7
DO 9  J = l , 1 0
I F ( E ( I ) . E Q . E  ( J ) . O R . T ( I ) . N E . T ( J ) )  GO T O  3  
X A R = X A ( J ) - X A ( I )
Y A R = Y A ( J ) - Y A ( I )
X A C = X B ( I ) - X A ( I )
Y A C = Y V ( I ) - Y A ( I )
C A L L  R E L V E L S U N K ( R , B , X A R , Y A R )
I F ( R . G T . 5 0 . )  GO T O  3
C A L L  F E L V E L S U N K ( R R , R C , X A C , Y A C )
B = R C - B
I F ( B . L T . 0 . ) B = 3 6 0 . + B  
C A L L  C O U N T ( F , F A , N , R , B )
9  C O N T I N U E  
3  C O N T I N U E  
1 3  C O N T I N U E
W R I T E ( 6 , 9 9 1 )  ( ( N ( I , J ) , I = 1 , 5 0 ) , J = 1 , 3 )
9 9 1  F O R M A T ( 2 5 1 3 / 2 5 1 3 )
C A L L  S M O O T H ( S N E , S N V , S N W , N )
C A L L  C U M U L A T E  ( N  , N C U M ,  S N W ,  S N W C U M )
C A L L  D O M A IN  ( S N W , S N W C U M , T O T , S L O  , I S I G N  , N C U M )
S T O P
E N D
-  3 1 8  -
L i s t  o f  S y m b o l s
T h e  f o l l o w i n g  l i s t  c o n t a i n s  t h e  s y m b o l s  u s e d  m o s t  f r e q u e n t l y  i n  t h e  t e x t  
t o g e t h e r  w i t h  a  s h o r t  d e f i n i t i o n .  T h e  p a g e  r e f e r e n c e  r e f e r s  t o  t h e  
f i r s t  p o i n t  i n  t h e  t e x t  w h e r e  t h e y  w e r e  i n t r o d u c e d  a n d  h e n c e  w h e r e  a 





B e a r i n g  o f  a n o t h e r  s h i p  r e l a t i v e  t o  t h e  c e n t r a l  s h i p  
i . e ,  t h e  a n g l e  m e a s u r e d  c l o c k w i s e  b e t w e e n  t h e  h e a d i n g  
o f  t h e  c e n t r a l  s h i p  a n d  t h e  l i n e  j o i n i n g  t h e  t w o  s h i p s ,  
p . 5 9 .
U n i f o r m  d e n s i t y  p e r  s q u a r e  m i l e  i n  a n  a r e a  u n d e r  o b s e r v a t i o n  
p . 8 5 .
C o n s t a n t  o f  u n i f o r m  d e n s i t y  p . 8 5 .
D i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  b e l o w  w h i c h  n o  s h i p  w a s  
o b s e r v e d  t o  g o  p . 8 6 .
D i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a t  w h i c h  t h e  o b s e r v e d  
d i s t r i b u t i o n  o f  s h i p s  f i r s t  c u t s  t h e  l i n e  o f  u n i f o r m  d e n s i t y  
p . 8 6 .
D i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a t  w h i c h  t h e  o b s e r v e d  
d i s t r i b u t i o n  o f  s h i p s  h a s  a  l o c a l  m a x i m u m  p . 8 6 .
D i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a f t e r  w h i c h  t h e  o b s e r v e d  
d i s t r i b u t i o n s  o f  s h i p s  m a y  b e  c o n s i d e r e d  t o  f o l l o w  a  l i n e  
o f  u n i f o r m  d e n s i t y  p . 8 6 .
D i s t r i b u t i o n  o f  s h i p s  i n  t h e  p r e s e n c e  o f  t h e  d o m a i n  p . 8 7 .  ^
D i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  a t  w h i c h  t h e  o b s e r v e d  d e n s i t y  
c u r v e  o f  s h i p s  h a s  i t s  o v e r a l l  m a x i m u m  p , 9 6 .
S m o o t h e d  v a l u e  o f  a  c u r v e  p . 9 8 .
A c t u a l  v a l u e  o f  a  c u r v e  p . 9 8 .
S m o o t h i n g  c o e f f i c i e n t  f o r  e x p o n e n t i a l  s m o o t h i n g  p . 9 8 .
C u m u l a t i v e  t o t a l  o f  s h i p s  i n  a  s e c t o r  o f  o u t e r  r a d i u s  x .  
p . 1 0 4 .  ^
P a r a m e t e r s  i n  a  s i n e  c u r v e  a p p r o x i m a t i o n  t o  t h e  o b s e r v e d  
d i s t r i b u t i o n  o f  s h i p s  p , 1 0 4 .
A n  a r b i t r a r y  d i s t a n c e  f r o m  t h e  c e n t r a l  s h i p  u s e d  i n  f i t t i n g  
a  s i n e  c u r v e  t o  t h e  o b s e r v e d  d i s t r i b u t i o n  o f  s h i p s  p . l 0 6 .
M e a n  r a d i u s  o f  a  b a n d  o f  o u t e r  r a d i u s  x .  a n d  i n n e r  r a d i u s
X. , p . l l l .
A
1-1
N u m b e r  o f  s h i p s  i n  p a r t  o f ' a  b a n d  o f  m e a n  r a d i u s  m^ p . l l l .
-  3 1 9  -
*
A n  e s t i m a t e  o f  a ,  t h e  c o n s t a n t  o f  u n i f o r m  d e n s i t y
E s t i m a t e d  c u m u l a t i v e  t o t a l  o f  s h i p s  i n  a  s e c t o r  o f  o u t e r
r a d i u s  x .  p , 1 1 2 .
1
A n  e s t i m a t e  o f  x  p , 1 1 2 .  
y . *  =  2a x . *  p , 1 1 2 .
T h u s  ( x ^ * ,  y ^ ^ * )  a r e  t h e  e s t i m a t e d  c o o r d i n a t e s  o f  t h e  p o i n t  
C a f t e r  w h i c h  t h e  o b s e r v e d  d i s t r i b u t i o n  o f  s h i p s  f o l l o w s  t h e  




S m o o t h e d  n u m b e r  o f  s h i p s  i n  a  s e c t o r  o f  a  b a n d  o f  m e a n
r a d i u s  m .  p , 1 1 2 .
1
E s t i m a t e d  s m o o t h e d  c u m u l a t i v e  t o t a l  o f  s h i p s  i n  a  s e c t o r  
o f  o u t e r  r a d i u s  x .  p , 1 1 3 .
A c t u a l  c u m u l a t i v e  t o t a l  o f  s h i p s  i n  a  s e c t o r  o f  o u t e r
r a d i u s  x .  p , 1 1 3 .1
M e a n  v a l u e  o f  e s t i m a t e s  f o r  a 122.
E s t i m a t e  o f  x , 1 2 6 .
. t h
A i  D o v e r  D o m a n g e  f o r  t h e  i  s e c t o r  i n  t h e  D o v e r  S t r a i t  p . l 3 6 .
. t h
^ A i  S u n k  t h e  i  s e c t o r  i n  t h e  S u n k  a r e a  p . l 3 6 .
7 T-*
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N o t e s  o n  T a b l e s  a n d  F i g u r e s
C h a p t e r  1  
T a b l e  1 . 1  
T a b l e  1 . 2
T a b l e  1 . 3
T a b l e  1 . 4  
T a b l e  1 . 5
C h a p t e r  3  
T a b l e  3 . 1
T a b l e  3 . 2
T a b l e  3 . 3
T a b l e  3 . 4
T a b l e  3 . 5
S o u r c e :  T h o m p s o n  ( 1 9 7 2 )
( 1)
( 1)
S o u r c e :  T h o m p s o n  ( 1 9 7 2 )
T h e  f i g u r e s  f o r  1 9 8 0  a r e  b a s e d  o n  t h e  a s s u m p t i o n s  t h a t  
c u r r e n t  t r e n d s  i n  b i r t h  r a t e s  e t c .  w i l l  c o n t i n u e  b u t  
t h a t  t h e r e  w i l l  b e  n o  s u d d e n  c h a n g e s  s u c h  a s  w a r s  
a l t e r i n g  t h e  u t i l i s a t i o n  o f  t r a d e  r o u t e s .
S o u r c e :  L l o y d s  R e g i s t e r  o f  s h i p p i n g  ( 1 9 6 3 )
1973(44)^
( 4 3 )
a n d
S o u r c e :  S h e l l  I n t e r n a t i o n a l  M a r i n e  L t d .  ( 1 9 6 8 )
( 4 5 )
S o u r c e :  L i v e r p o o l  U n d e r w r i t e r s  A s s o c i a t i o n  ( 1 9 7 3 )
(2)
E a c h  t i m e  a  s h i p  i s  a  c a s u a l t y  d u r i n g  a  y e a r ,  t h e  n a t u r e  
o f  t h e  c a s u a l t y  i s  r e c o r d e d  u n d e r  t h e  m a j o r  c a t e g o r y  
o n l y .  I t  i s  h o w e v e r ,  p o s s i b l e  f o r  a n y  o n e  s h i p  t o  b e  
a  c a s u a l t y  o n  m o r e  t h a n  o n e  o c c a s i o n  d u r i n g  a  y e a r .
( a )  A s  t h e  t a b l e  c o n t a i n s  t h e  d i s t r i b u t i o n  o f  e x p e r i e n c e  
c o n s i d e r i n g  e a c h  e x e r c i s e  s e p a r a t e l y ,  a n y  o n e  p e r s o n  i s  
u s u a l l y  r e c o r d e d  s e v e r a l  t i m e s  i n  t h e  t a b l e .
( b )  T h e  c a t e g o r y  ’ l e n g t h  o f  e x p e r i e n c e  n o t  k n o w n '  
c o n t a i n e d  t w o  p e o p l e  i n  s h o r e  j o b s  a n d  s i x  p e o p l e  f o r  
w h o m  f u l l  d e t a i l s  o n  t h e  c o u r s e  w e r e  n o t  r e a d i l y  
a v a i l a b l e .
T h e  l a r g e  n u m b e r  o f  s h i p s  i n  t h e  1 0 , 0 0 0  g . r . t .  c a t e g o r y  
a r i s e s  b e c a u s e  t h i s  i s  t h e  c a t e g o r y  u s e d  i n  t h e  f i r s t  
e x e r c i s e s  w h e n  a l l  s t u d e n t s  a r e  p l a c e d  i n  i d e n t i c a l  
s i t u a t i o n s  i n  s i m i l a r  s h i p s .
T h e  l a r g e  n u m b e r  o f  s h i p s  o f  m a x i m u m  s p e e d  1 6  k n o t s  a r i s e s  
b e c a u s e  t h i s  i s  t h e  m a x i m u m  s p e e d  a s s u m e d  i n  t h e  e a r l y  
e x e r c i s e s  w h e n  a l l  s t u d e n t s  a r e  p l a c e d  i n  i d e n t i c a l  
s i t u a t i o n s  i n  s i m i l a r  s h i p s .
( a )  T h e  n u m b e r  o f  s i x  m i n u t e  i n t e r v a l s  r e c o r d e d  i s  f o r  
e a c h  s u r v e y  l e s s  t h a n  t h e  n u m b e r  w h i c h  m i g h t  h a v e  b e e n  
e x p e c t e d  g i v e n  t h e  d u r a t i o n  o f  t h e  s u r v e y .  T h i s  i s  b e c a u s e  
o f  t h e  l o s s  o f  p h o t o g r a p h s  f o r  v a r i o u s  r e a s o n s .
( b )  T h e  p o s i t i o n s  o f  t h e  M . V .  ' S i r  J o h n  C a s s '  q u o t e d  a r e  
o n l y  a p p r o x i m a t e  p o s i t i o n s .
( a )  T h e  s i z e  o f  s h i p  w a s  o b t a i n e d  f r o m  L l o y d s  R e g i s t e r  o f  
S h i p p i n g  ( 1 9 7 2 ) ^ ^ ^ ^ .
( b )  S o m e  f e r r i e s  w e r e  i n c l u d e d  b y  s i z e  w h e r e  t h i s  w a s  
k n o w n  b u t  t h e  o t h e r s  w e r e  p u t  i n  t h e  c a t e g o r y  ' f e r r y ' .
N o  s h i p  w a s  i n c l u d e d  t w i c e .
-  3 2 1  -
T a b l e  3 . 6  T h e  l e n g t h  o f  s h i p  b e t w e e n  p e r p e n d i c u l a r s  w a s  o b t a i n e d  
f r o m  L l o y d s  R e g i s t e r  o f  S h i p p i n g  ( 1 9 7 2 )
C h a p t e r  4
T h e  s e c t o r s  a r e  d e f i n e d  o n  p .
F i g s .  4 . 4  )
4 . 5  )
4 . 6  )
T h e s e  t h r e e  f i g u r e s  s h o w  b y  s e c t o r  t h e  d i s t r i b u t i o n  o f  
s h i p s  a r o u n d  a  c e n t r a l  s h i p  f o r  a l l  e x e r c i s e s  c o m b i n e d  
i n  t h e  s i m u l a t o r  d a t a .  O n l y  
a s  c e n t r a l  s h i p s .
' o w n *  s h i p s  w e r e  i n c l u d e d
F i g s .  4 . 8  )  T h e s e  t h r e e  f i g u r e s  s h o w  b y  s e c t o r  t h e  d i s t r i b u t i o n  o f  
4 . 9  )  s h i p s  a r o u n d  a  c e n t r a l  s h i p  f o r  s u r v e y  2  o f  t h e  S u n k  
4 . 1 0 )  s u r v e y s .  O n e  g r a p h  h a s  n o  e x c l u s i o n s  a s  c e n t r a l  s h i p .
T h e  s e c o n d  e x c l u d e s  t h e  p i l o t  b o a t ,  s h i p s  w i t h i n  o n e  m i l e  
o f  i t ,  s h i p s  i n  t h e  c h a n n e l  a r e a  a n d  s h i p s  o n  t h e  e d g e  
o f  t h e  a r e a ,  a s  c e n t r a l  s h i p .  T h e  t h i r d  e x c l u d e s  
a d d i t i o n a l l y  f i s h i n g  v e s s e l s  a s  c e n t r a l  s h i p .
C h a p t e r  5
N o t e s  g e n e r a l  t o  a l l  t a b l e s ,  a n d  f i g u r e s  b a s e d  o n  d a t a  c o l l e c t e d .
( a )  T h e  s e c t o r s  a r e  d e f i n e d  o n  p a g e
( b )  T h e  t a b l e s  u s i n g  t h e  s i m u l a t o r  d a t a  a r e  b a s e d  o n  t h e  r e s u l t s  w h e n  
t h e  f i r s t  t w o  t i m e  p o i n t s  o f  e v e r y  e x e r c i s e  a r e  e x c l u d e d .
( c )  T h e  t a b l e s  u s i n g  t h e  S u n k  s u r v e y  d a t a  a r e  b a s e d  o n  t h e  r e s u l t s  
w h e n  s h i p s  m o r e  t h a n  3  m i l e s  d i s t a n t  f r o m  t h e  c e n t r e  o f  t h e  r a d a r  
s c r e e n  a r e  e x c l u d e d  a s  c e n t r a l  s h i p .  A l s o  e x c l u d e d  a s  c e n t r a l  
s h i p  a r e  f i s h i n g  b o a t s ,  t h e  p i l o t  b o a t  a n d  s h i p s  w i t h i n  o n e  n . m i l e  
r a d i u s  o f  i t ,  a n d  a n y  s h i p s  i n  t h e  b u o y e d  c h a n n e l  d e f i n e d  o n  p .
T h e  b e h a v i o u r  o f  c e n t r a l  s h i p s  w i t h  r e s p e c t  t o  t h e s e  c a t e g o r i e s
o f  s h i p s  i s  c o n s i d e r e d .
( d )  T h e  q u o t i n g  o f  r e s u l t s  t o  2  d e c i m a l  p l a c e s  i s  n o t  r e a l l y  j u s t i f i e d  
i f  t h e  s a m p l e  s i z e s  a r e  s m a l l .
N o t e s  o n  p a r t i c u l a r  t a b l e s .
T a b l e  5 . 1  T h e  s a m p l e  s i z e  r e f e r s  t o  t h e  n u m b e r  o f  o w n  s h i p s .
T a b l e  5 . 1 6 )  
5 . 1 7 )
( a )  A  v a l u e  i s  i n  t h e  d i r e c t i o n  o f  t h e  d o m a i n  i f  i t  i s  
t h e  s i d e  o f  t h e  u n i f o r m  d e n s i t y  l i n e  a g r e e i n g  w i t h  t h e  
c o n c e p t  o f  a  d o m a i n .
( b )  I f  n o t  i t  i s  c o n s i d e r e d  a s  a  v a l u e  a g a i n s t  t h e  d o m a i n ,
( c )  T h e  p r o b a b i l i t i e s  i n  t h e  f i n a l  c o l u m n  a r e  e v a l u a t e d  
b y  c o n s i d e r i n g  t h e  p r o b a b i l i t y  o f  g e t t i n g  t h e  o b s e r v e d  
n u m b e r  o f  v a l u e s  a g a i n s t  t h e  d o m a i n  o r  l e s s  i f  e a c h  v a l u e  
h a s  a n  e q u a l  c h a n c e  o f  l y i n g  e i t h e r  s i d e  o f  t h e  u n i f o r m  
d e n s i t y  l i n e .
^ a )  T h e  g e n e r a l  n o t e s  t o  t h e  t a b l e s  a n d  f i g u r e s  b a s e d  o n  d a t a  c o l l e c t e d  
g i v e n  f o r  C h a p t e r  5  a r e  a p p l i c a b l e  i n  n e a r l y  a l l  c a s e s  h e r e  e x c e p t  
w h e r e  s t a t e d  o t h e r w i s e ,
( b )  T h e  f i g u r e s  i n  b r a c k e t s  i n  e a c h  t a b l e  r e f e r  t o  t h e  s a m p l e  s i z e  
o n  w h i c h  t h e  e s t i m a t e s  a r e  m a d e .
( c )  T h e  s a m p l e  s i z e s  s h o w n  b y  t h e  s e p a r a t e  c a t e g o r i e s  w i l l  n o t  a l w a y s  
a d d  t o  t h e  s a m p l e  s i z e  g i v e n  f o r  t h e  t o t a l  b e c a u s e  o f  t h e  o m i s s i o n  
o f  c e r t a i n  c a t e g o r i e s .
T h e  f i g u r e s  f o r  a  g r o s s  t o n n a g e  o f  1 0 , 0 0 0  a r e  g i v e n  
s e p a r a t e l y  b e c a u s e  t h i s  i s  t h e  s i z e  o f  s h i p  u s e d  i n  t h e  
e a r l y  e x e r c i s e s  w h e n  a l l  s t u d e n t s  h a v e  s i m i l a r  s h i p s .
S o m e  f e r r y s  h a v e  b e e n  i n c l u d e d  i n  t h e i r  a p p r o p r i a t e  s i z e  
c a t e g o r y .
S o u r c e ;  T h o m p s o n  ( 1 9 7 2 )
( '4 4 ' )
S o u r c e ;  L l o y d s  R e g i s t e r  o f  S h i p p i n g  ( 1 9 6 3 ) ' '  a n d  1 9 7 3 '
T a b l e  I I I . 3  S o u r c e ;  L l o y d s  R e g i s t e r  o f  S h i p p i n g  ( 1 9 7 2 )  
A p p e n d i x  V
S e e  t h e  g e n e r a l  n o t e s  t o  C h a p t e r  5 .
T a b l e  V . l  )  T h e  s a m p l e  s i z e s  r e f e r  t o  t h e  n u m b e r  o f  o x m  s h i p s  
T a b l e  V . 2  )
T a b l e  V . 4  
T a b l e  V . 5  
T a b l e  V . 6
T h e  d e f i n i t i o n s  o f  t h e  s y m b o l s  a r e  g i v e n  o n  p .
A p p e n d i x  V I
S e e  t h e  g e n e r a l  n o t e s  t o  C h a p t e r  6 .
T a b l e  V I . 2  )  _  ^ ^ ^ orp t_-i ,r-r o \ Se6 the note for table 6 .2  1able VI.3  )
T a b l e  V I . 4  S e e  t h e  n o t e  f o r  t a b l e  3 . 1
-  3 2 3  -
R e f e r e n c e s
T h o m p s o n  R . P ,  ( 1 9 7 2 )  E s t i m a t i n g  G l o b a l  T r a f f i c  F l o w s .
J o u r n a l  o f  N a v i g a t i o n  V o l , 2 5 ,  p . 3 8 4
L i v e r p o o l  U n d e r w r i t e r s  A s s o c i a t i o n  ( 1 9 7 3 )  A n n u a l  r e p o r t s .
O u d e t  L .  ( 1 9 6 8 )  T h e  B l a c k  F l o o d :  L e s s o n s  o f  t h e  ' T o r r e y
C a n y o n ’ .  J o u r n a l  o f  t h e  I n s t i t u t e  o f  
N a v i g a t i o n .  V o l . 2 l ,  p . 4 l ,
V a n a g s  A . H .  (  1 9 7 0  T h e  A p p l i c a t i o n  o f  t h e  E c o n o m i c s  o f
C o n g e s t i o n  t o  M a r i n e  P r o b l e m s .  C o n f e r e n c e  o n  
M a r i n e  T r a f f i c  E n g i n e e r i n g  ( s e e  ( 1 5 ) ) .
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